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(54) Shape-memory, biodegradable and absorbable material 

(57) Shape-memory biodegradable and absorbable 
materials which make it possible to easily treat vital tis- 
sues by suture, anastomosis, ligation, fixation, reconsti- 
tution, prosthesis, etc. without causing burn. These 
materials never induce halation in MRI or CTand never 
remain in vivo. Such a shape-memory biodegradable 
and absorbable material is a material made of a molded 
article of lactic acid-based polymer and can be recov- 
ered to the original shape without applying any external 
force thereto but heating to a definite temperature or 
above. It is obtained by deforming a molded article (a 
primary molded article) made of a lactic acid-based pol- 
ymer and having a definite shape into another molded 
article (a secondary molded article) having another 

shape at a temperature higher than the glass transition 

temperature thereof but lower than the crystallization 

temperature thereof (or 100°C when the molded article 

has no crystallization temperature) and then fixing said 

molded article to the thus deformed shape by cooling it 

as such to a temperature lower than the glass transition 

temperature. When this material is heated to the above- 
mentioned deformation temperature or above, it is 

immediately recovered to the original shape. The lactic 

acid-based polymer is hydrolyzed and absorbed in vivo. 
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Description 

FIELD OF THE INVENTION 

W001 ] This invention relates to shape-memory biodegradable and absorbable materials which can be recovered to 
the original shape by reheating and degraded and absorbed in vivo. 

BACKGROUND OF T HE INVENTION 

f°°° 2] ^ Materials to be embedded in Irving bodies (i.e.. implant materials) include metals, bioceramics, polymers, 
those with biological origins and hybrid materials. 

[0003] These materials may be classified into so-called absorbable ones which are gradually absorbed and dis- 
charged from the body after exerting the functions in vivo and nonabsorbable ones which cannot be degraded but sub- 
stantially remain as such in vivo. 

[0004] When these non-absorbable materials (synthetic materials) are kept in vivo over a long time, H is feared that 
these foreign matters undergoes some undesirable reactions due to the differences in physical or chemical (physiolog- 
ical) properties from biological constituents or the expression of toxicity caused by corrosion. Therefore, these materials 
are sometimes taken out from the body, if possible, by reoperative surgery. In such a case, a patient should be burdened 
w.*! repeated pains and an additional fee. To relieve this situation, it has been required to develop biological materials 
which can be used as substrtutes for the existing ones without resorting to any reoperative surgery. 
[OOOS] Although biodegradable and absorbable materials are expected as useful in satisfying the above require- 
ment, toere are not such a great variety of absorbable materials as being usable as substitutes for all of nonabsorbable 
•mplarrt materials made of metals, ceramics, polymers, etc. Thus, research and development have been made to obtain 
a substitute for each of these existing materials. 

[0006] Operative suture yarns and metallic materials (stainless, titanium, silver, platinum) employed for ligating 
missing or amputated parts are biomaterials which remain in the body after the completion of the operation. Suture 
!f L1!^ „ ^ S ! leCted by cohering tissue disorder, tissue tension, the occurrence of suture complication, effects 
of bodily fluids on the threads, infection, etc. 

[0007] m general, silk yarns are employed in ligating fasciae and peritonea, nylon yarns are employed in ligating 
skin and nerves, polyester yarns are employed in fixing heart and tendons, while polypropylene yarns are employed in 

onTin "r^TZ"! T ™2 ^ abso * ab,e *™s (polyglycolic acid-based type) are used not 

only in the above sites but also in digestive tracts, etc. 

[0008] In sites where a high strength is needed, on the other hand, use is made of metal wires made of stainless 
S5?" J^^L However, use of these metallic materials brings about troubles in image diagnosis. That is to say. 
hght reflected thereby causes halation in magnetic resonance images (MRI) or computer tomography (CT) which have 
been rapidly spread in recent years as means for monitoring the conditions of patients under operation or postoperative 
healing state. Thus, rt has been required to develop novel materials for suture, anastomosis or ligation which are usable 
as substrtutes for metal wires. 

[0009] As described above, various suture yarns are selected in operations to suit the occasion. In many cases 
these yarns are employed rn stanching, suturing or anastomosing various sites other than the main incised part. How- 
ever, rtsometmes takes the greater part of time to perform these treatments. Under these circumstances, it has been 
required to develop materials for suturing, anastomosing and ligating with which these treatments can be carried out 
more easily. 

[0010] For example, an incised tendon is fixed by suturing with a yarn. However, the procedure therefor has been 
becoming more and more complicated and it is therefore needed to develop fixation materials and convenient methods 
therefor. In operations in the thoracic or abdominal cavity, it is frequently observed that more than 50 Wood vessels are 
.wised. In such a case, rt is necessary to perform suture and ligation at least 1 00 times for stanching and postoperative 
fixation. Therefore, rt has been required to develop methods and materials by which these procedures can be carried 
out more easily. In addition, it is a practice to leave the conventional nonabsorbable materials as such in the body, since 
bypasses can be spontaneously formed after ligating blood vessels. Further, it is troublesome and risky to open-out the 
body again to take out metal clips, staples or various suture yarns therefrom, and there arises a dilemma that the body 
once opened-out should be sutured again. Accordingly it is ideal that the materials to be used for the above purposes 
are biomaterials which can be degraded and absorbed in vivo and then discharged from the body, since toe above- 
mentioned problems can be avoided by using these materials. 

J°f cn 7 e the object, attempts have been made to produce staples and dips made of biodegradable 
and absorbable polymers (polyglycolic acid, polyiactic acid, glycolic acid/lactic acid copolymer, polydioxanone. etc.) 
which have been molded into particular shapes designed by taking the physical strength of the polymers into consider- 
ation and can be physically caulked by using particular instruments. These products are used in operations in practice 
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IJrrLl^r,?' 1 ! 5Uffe7T? ° m 5ome disadvantages. Namely, they are troublesome in hand.ing. In addition. 

Sey cannot ol ZESSS^Z? T °"" * P °° r «W thereof. Moreover 

iney cannot De fastened tightly, since they are inferior in ductility to metals. 

SUMMARY OF THE INVFMTIDM 

J^nnL.rJ^fl^^ 0 ?^ 1 * ^ 566,1 dieted in °*er to satisfy the above requirements, aims at devel- 
rit^r^^^* 16 and absorbab(e aerials made of novel biodegradable and absomaSe 

materials which are hydrolyzed and absorbed in vivo when allowed to stand therein. These biodegradable assort, 
able materials are usable as medical prosthetic appliances, fillers or scaffolds. Moreover, they mate it poJs^e to^sTy 

^^^ST^TS* 1,1086(1 SrteS ' foan 9 incised tendons and fixing and fixing fractured bones When 

SJTS^ST ^ "° ^ ^ fUrther UMM 35 5326 in *ug-re!ease o? 

SUSmr*^ S aPe "ZT7 materialS - thSre h3ve been developed synthetic polymers (norbornane-based one. trans- 
ESZZSm ^SSS^tV^' POly ° ,e,in - P°<yacryl. etc.) and natural polymers 

h« ™ ^ } • However ' 0006 °t the" 1 « biodegradable and absorbable /n vivo. That Is to say it 

, S or^I!l2^ reP °*f hrthert0 that 8 ***Q*** and absorbable material recognized as a biocompatible maXal 
mSS ^ ^ P r i T ,ry ma,eHal 81X1 embedded /n *" as done in the presemTerrtion. 

tnTJSL mi ^^'!l S J aPe "^ em0ry bi ° degradable 300 absorbable material of the present invention, by which 
^ZIZ c^fr^!^ V l bGen aChi8Ved> iSmadeofa article of a lactic acid-based po.ymer therein 

Se Z^l w t t0 *T ° r,9,nal Sh3Pe WithOUt "P" 1 ** "* external *™» hereto but by heating to a def- 

inite temperature or above. Namely, a molded article made of a lactic acid-based polymer in a definite shape is 

ZZT:2 SSS artlC ' e 31 8 « TO higher than the glass transit^ K^EJiSSTw 

S^tS r ySta, " 2a *° n temperature (Tc) thereof (or 1 00-C when the molded article has no crystallization temp™ 

thTlrtS^e^^T^ 10 * e deformed ^ by "x*" 3 « as such to a ter^ature lowerTan 
^SrSr' 0 " temperature (Tg). wherein said molded article can be recovered to the former molded article of the 
original shape by heating it again to said deformation temperature (Tf) or above. 

BRIEF DESCRIPTION OF TH E DRAWING 
[0015] 

mint 5 ^Sentt^r 3195 8 *» — according to an embodi- 

Fig. 2 is a diagram which illustrates how to use the above shape-memory material 

rSJL'mfn? !f, 9 ^ m iBustrates a shape-memory material for vascular anastomosis according to another 
embodiment of the present invention. 

2Lt!L a f1 9 I am WhiCh i,,ustra,es a shape-memory material for vascular anastomosis according to another 
embodiment of the present invention. y 

Fig. 5 is a diagram which illustrates how to use the above shape-memory material 

mini ^oTCes^^emion^ 68 9 "V™™* material *» according to another embodi- 

Fig. 7 is a diagram which illustrates how to use the above shape-memory material 

ment 5 ^^tSiT*" 3 ^ *» ^ ar according to another embodi- 

o?the prlSKcT * wh ^ mm ^ material for tendon fixation according to another embodiment 

Fig. 10 is a diagram which illustrates how to use the above shape-memory material 

^l^^^T^ 3 Mi * te "*>" tlxation according to another embodi- 

^esentTn^enSn 3 " 1 "'** " IUStrateS 3 Snape " memor y Serial for suture according to another embodiment of the 
Fig. 13 is a diagram which illustrates how to use the above shape-memory material 

P^esem^entfoa" 1 "** '"^^ * tN ^ mno ^ "^ena. for suture according to another embodiment of the 
o^thepre^ * Shap * m6mor * material ,or ^ne fixation according to another embodiment 
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Rg. 16 is a diagram which illustraleKe compression deforming of the above shape-memo^ material 
Rg. 1 7 is a diagram which illustrates how to use the above shape-memory material 

t^ a n!^L%n2S!Z!^ t^*** * materia « ^"9 a bone plate for fracture fixation accoiding 

to another embodiment of the present invention. 

Rg. 19 is a diagram which illustrates how to use the above shape-memory material 

^thfpre^Tr^^ * ^^"^^ mater « l for bone Nation according to another embodiment 

Rg. 21 is a diagram which illustrates how to use the above shape-memory material 

leL^e'a^Z^^l"'"!!^ 3 shap *- memor y ma,erial *» Preventing bone cement in marrow cavity from 
leakage according to another embodiment of the present invention 

Rg. 23 is a diagram which illustrates how to use the above shape-memory material 

r^! r «^^Il^J ,,UStrateS 3 Shape - fT1emor >' serial for preventing vascular restriction according to 
another embodiment of the present invention. y 

Rg. 25 is a diagram which illustrates how to use the above shape-memory material 

S,if»SSfL are d S ra ^ WhiCh H,UStrate eaCh a hemis P h ere cup shape-memory material relating to a linearly 
Rg. 28 is a diagram which shows how to use the above shape-memory material 

m?t JSLU Qraph jf ich illus * rates a relationship between the amount of tranilast released from a shape-memory 
matenal for preventng vascular reconstriction and containing tranilast and time. 

r0016J In these drawings, each symbol has the meaning as defined below: 

1 . 2, 3 . shape-memory material for vascular anastomosis; 
25 21a : crimpy inner face; 

4.5 : shape-memory material for vascular ligation; 
6 : shape-memory material for tendon fixation; 
61 : cut and lifted portion; 

7, 70 : shape-memory material for suture 
30 71 ; hook; 

8. 10 : shape-memory material for bone fixation; 

9 : shape-memory material for fixing bone plate for fracture fixation 
10a : cylinder; 
10b : arm: 
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35 11: shape-memory material for preventing bone cement from leakage 
11a: cylindrical plug; ' 
1 lb : petal-like projection. 

12 : shape-memory material for preventing vascular reconstriction 
12b: pore; 

40 13. shape-memory material for artificial hip joint; and 

1a. 2a. 3a. 4a, 5a. 6a. 7a. 8a. 10c. 1 1c. 12a. 13a. 70a : original shape. 

DETAILED DFSCRIPTION OF THF INVFMTinm 

45 ™idl artiH- ^ " defo : ming ; 38 ^ herein Solves any treatments and procedures for altering the shape of 
TT?- en,ar9 ? ^ dfaWing ' COm P fession ' ^'"9. twisting and combinationslereof 
S L JL 9 < !^ >,ym J m °' eCular a 99regate having a shape-memory function has a structure consisting of a 
a ^IdeTartiS^ r* 0 " t °°T™? ^ « ^ mer so as to fix the materia, to the shape* 

c« « f ,^1 3 revers,b,e P" 386 in wWch the PoVmer molecules can be softened and hardened reoeatedTvia 
so lud^ation/soWrf.cation with a change in temperature above or below a definite point. repeatedly via 

2 lfl , u^L 7 at, ° n * ? e f ? inQ . PhaSe d6pendS ° n some ^e™™ 1 such as the interaction systems among 

md.v,dual linear polymer mo.ecu.ar chains, the density and form of the interactions. interlocking of molecular chains 

* ES 1 ^ k™.! interactions among po,ymer molecular chains can be divided into those due to strong primary bonds 

K htl^ w 0nd J 0 ri° nd - ^ 3nd thOSe dUe to re,ative * weak *"ondary birS^e^SouToS 
forces hydrogen bond, vander Waals force, etc.). The constrained phase (fixed phase) and the fluidized phase (reverb 

Z^c^rT^T^" 9 ° n ^ imerm0 ' eCU,ar actions the <* whSh te d^ed oy tS ££E (for 
example, chem,cal structure, arrangement and steric specificity) of the monomers constituting the jUmeTbwing to a 
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difference in the interaction (bindin?Srce) among the polymer molecular chains, the polymer forms a rubber phase a 
glass pnase or a crystalline phase. Some polymers consist of one of these phases alone, while others comprise two or 
more thereof. 

1 i, ? shape-memory polymer shows a large change in modulus of elasticity at the glass transition temperature 
(Tg). The shape-memory function can be achieved by taking advantage of this characteristic. Namely, a molded article 
(the primary molded article) to which a definite shape (the original shape) has been imparted by a common method for 
molding plastics is softened by heating to a temperature (Tf) higher than the Tg of the polymer but lower than the melt- 
ing temperature (Tm) thereof so as to deform it into a different shape. Next, the molded article is cooled to a tempera- 
ture lower than Tg while maintaining the thus deformed shape (the secondary molded article). When it is heated again 
' L t f? Pe ^ tlJre h,Sher than * e secondary-molding temperature (Tf) but lower than Tm. the shape of the secondary 
molded article disappears and thus the article is recovered to the original shape of the primary molded article. The term 
shape-memory polymer" means such a polymer which can be deformed into a secondary shape tentatively and then 
recovered to the original shape via the above-mentioned process. 

[0022] The most effective polymers which can be recovered to the original shape include glassy polymers showing 
a large change in modulus of elasticity at the glass transition temperature (Tg). In these polymer, namely, the disappear- 
ance of the secondary shape and the recovery to the original shape can be performed efficiently and almost completely. 
^ a ?L°L^ e ac ' d " based P^ers to be used in the present invention show changes in modulus of elasticity (E ) 
by 150-fold or above at Tg and. therefore, are appropriate as shape-memory materials. 

[0023] The above-mentioned properties cannot be achieved by polymers consisting exclusively offluidized phases, 
for example, those wherein the reversible phase is a rubber phase having a fluidity higher than that of the glass phase, 
in contrast thereto, polymers having a rubber phase alone with intermolecular-crosslinked moieties or consisting of two 
or more phases wherein a glass phase, a crystalline phase, etc. are mixed with a rubber phase exhibit the shape-mem- 
ory and recovery functions. However, it might be still doubtful whether or not the secondary shape can be exactly fixed 
the molded article can be completely recovered to the original shape and the shape-memory function and the recovery 
temperature are acceptable from the viewpoint of clinical use. 

[0024] On the contrary, a crystalline phase serves as a fixed phase and no polymer consisting exclusively of this 
phase can exhibit any shape-memory function. There are some polymers comprising polymer molecular aggregates 
consisting of a crystalline phase and a rubber phase (in particular, a partly crosslinked rubber phase) at ordinary tem- 
perature or polymer molecular aggregates consisting of a crystalline phase and a glass phase mixed together which 
achieve the shape-memory function. 

l °° 25 ], , Amon 9 biodegradable and bioabsorbable polymers, some poly(a-oxy acid)s may be cited as typical exam- 
ples of polymers which are excellent in biocompatibility and safety and have been accepted as implant materials to be 
"f T° pract,ce Po) y9"ycolic acid is a polymer having Tm (melting tenperature) of 230°C (225 - 235°C) and Tg 
?J rS?iiV/^?^^ l i e T PO,y " L " ,aCtiC add fe a Ratline Po'ymer (i.e.. one having crystallization temperature) with 
Tm of 1 89»C (195°C) and Tg of 56°C (55 - 65»C). provided that the data given in parentheses are those reported in dif- 
ferent documents. 

i^ 61 k u These polymers fundamentally consist of a crystalline phase and an amorphous phase (a glass phase) 
Although they can be made completely amorphous by thermally treating in a specific manner, it is unavoidable that such 
3 {^ e l' S ° nCe COnverted into a cystine polymer partly containing an amorphous glass phase in the process of 
molding (deforming) wherein it is fluidized by heating so as to enable molding. This is caused by the chemical structure 
of the monomers comprising a single isomer which are the constituting units of the polymer. Since this phenomenon is 
an unavoidable one. these polymers essentially fall within the category of crystalline polymers 

[0027] Although polyglycolic acid and polylactic acid, which are both homopolymers. are essentially crystalline pol- 
ymers, they are each substantially composed of a crystalline phase and a glass phase. Accoidingly. they can achieve 
the shape-memory function when deformed into the above-mentioned secondary shape at a temperature higher than 
Tg but lower than the crystallization temperature (Tc, Tc < Tm) and then solidified by cooling, though they each has a 
SOm ^T^ 9 79 th,s treatment however, ^e deformation should be performed at a high temperature of. for exam- 
1 1 ° r 6 ' S,nCe these PO'ymers contain a crystalline phase. Moreover, there arise additional problems such 
that the degree of crystallization is elevated during the treatment and thus the shape recovery should be carried out at 
a high temperature of 100»C or above or the shape cannot be recovered completely to the original one. By taking these 
problems into consideration, it seems impossible to conclude that these polymers are usable as shape-memory poly- 
mers for practical use. in particular, as medical implants. 

I !! 28 L u LaCtiC aCkS ° CCUrS 38 ° p,ica ' 'sobers. e . S(L)-lactic acid and R(D)-lactic acid. In usual, polylactic acid is 
obtained by preparing oligomers of these isomers, cyclized these oligomers to give dimers (lactide) and then further 
ring-opening polymerizing these dimers. The above-mentioned pdy-L-lactic acid or poly-D-lactic acid made of the L- 
isomer or the D-.somer alone respectively is an essentially crystalline polymer owing to the steric specificity and molec- 
ular chains therein are in the state of an a-hetix structure. 

[0029] Cyclized lactic acid dimers are classified into three types, namely, one made of two L-isomer molecules, one 
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. . . , of an L-isomer molecule and a D-isomer molecule (i.e.. the meso- 

type) , though these different isomers in the third type can be hardly extracted and separated from each other in practice 
These dimers are called respectively L-lactide, D-lactide and DL(meso)-lactide. Poly-D.L-lactide (poly-D, L-lactic acid) 
can be synthesized by mixing L-lactide with D-lactide at a definite ratio followed by ring-opening polymerization When 
the mixing ratio is 50/50 (by mol). the obtained polymer made of the D- and L-isomers is usually called poly-D L-lactic 
serfse th0Se prepafed b/ USln9 different n*** ratios are also referred to as poly-D.L-lactic acid in a broad 

[0030J When the content of the D-lactide differs from that of L-lactide, the major one serves as the key factor in the 
formation of block segments connected to each other. The shortest monomer connection unit of poly-D, L-lactide 
wherein L-lact.de and D-lactide are bonded at an equimolar ratio is -(L-L-D-D)-: This shortest connection unit of the opti- 
cal isomers results .n properly disordered interaction among polymer molecular chains. As a result, these units can form 
no crystal me polymer, as in the case of polymers consisting of the L- or D-isomer alone, but a substantially amorphous 
glassy polymer at ordinary temperature. These units form no rubbery polymer because of the appropriate balance 
between the polarity and nonporality of the chemical structure of the lactic acid monomer. Poly-D.L-lactic acid with a 
rs molar mixmg ratio of the D-isomer to the L-isomer of 50/50 has a Tg of S7°C (55 - 60«C) 

[0031] The present inventors have paid their attention to the chemical structure, arrangement phase structure Tg 
various physical properties, biodegradability and Dioabsoibability of the above-mentioned poly-D, L-lactic acid and 
proved its efficacy as a shape-memory biodegradable and absorbable material. As a result, they have completed the 
» ™2T ,nv !" t,on a,mina at P«>vi<*ng practically usable implant materials which can be embedded in vivo. 

£*f ] T . , The pres ** ^ention has been completed based on the recognition and understanding of the following 
™ W , IT °1 a ? ° P° , y- D - L - |ac »« ^id as the fundamental component consists of a structural part 

capable of controlling the f luKlrty of the polymer and thus fixing the molded article to a definite shape (i.e. . a fixed phase) 
bST£! 1! T U 1 T undergoin 9 "ardent and softening repeatedly with changes in temperature above or 
^ZT^TZ a T'°H temp ^ 1ure ™ <* me P°'y mer P •• • a reversible phase). When the original material is melt- 
j£22„T „ f Jf"^ ,h6n ° 00,ed to T 9 °* be,ow - the fixed and reversible phases are both fixed so as to 
ZTiST!" Pe f Pf ' mary artide 0 e - the original shape >- ^ this Primary molded article is deformed 

a9a !I! 3 ! m f erature ^ W 9 her *»" Ta but lower than Tc. the reversible phase alone is fluidized to 
I^S Z "T* * 3 differ6nt 8hapft Then the """v* artic,e is o"*"* ^ s^h to Tg or below. As 

from £ ™I and an ° ther ""^ artide < ie - ,ne secondary molded article) differing in shape 

t£n TbEEZ T T ? - ^ thiS SeCOndary TOWed article is heated a 9a* n to a temperature hfchW 
JSi JJfS. ^ rWerS,b,e PhaSe te f,Uidized a9aia Tnus ' 106 ^ed article is recovered to the original 

shape of the primary molded article having been memorized by the fixed phase 

i°°*!L the ! actic acid-based polymer to be used in this case, it is preferable to select one having a shape-recov- 
££Z2ZZ TJLZ 100 °, C Name<y ' ,aCtiC acid-based polymers having Tg of from 45 to 100'C arTusefu. as 

„ ' n ? enera '' PlaStiC "^^'a' 5 ** med 'cal use which should be sterilized are sterilized with ethylene oxide gas 
(EOG) in most cases except a few heat-resistant polymer materials, though sterilization with r ray is employed in sorne 

,imi, ° f EOG Steri,i2ation mature is 40 to 45°C. it is necessary ttTat LseTnaterials 
TJi^T TV* ShapS 3t 1,16 steri,i2ation temperature. It should be also avoided that the products are recov- 
ered to the original shape during storage. It is. therefore, necessary to select polymers having Tg of 45°C or above 
wh.ch corresponds to the lower limit for the durability to high temperature in summer 

ErJT to l rth LfK hand - ,he °' tem P era tu r e should be specified, since a thermal treatment for the 

TJ^Z ^ZI Jf ^ !f rf0rmed /n Wvo - To recover tne ™ Wed artde to the original shape. H may be directly 
hf 3 !^ 1 3 J*'" 9 meanS such as ,aser - u»rasonic wave, high frequency wave or infrared radiation or a 
th^ eb?Th^ TlZ S t ai LtT m " HOt Water HOWevef< " is ^saor that vital tissues are never damaged 
21?°"? ?l Carr,ed OUt 31 3 ,emp6fatUre 38 ,ow as possible. Contact with a heating medium at 
m » T ^ W,tn me 01 bumS ' 80 lon9 as ,ne contect is completed within a short time. i.e. . several seconds. 
1 temperature may be referred to as the upper limit. To ensure improved safety, however, it is recommended to 
^ ape l eC °r ,n9 freatnient at 3 te^rature of 45 to 70»C. preferably 50 to 6S-C. By taking these factors 
r«««? ' sh ape-memory recovery temperature range is determined as from 45 to 100°C 

S^n . . 'actic acid-based polymers, highly suitable ones is poly-D.L-lactic acid as described above. This 

££S T ? T ay 6 8 "^'^^ obtained bv mixi "9 D -'actide with L-lactide at various ratios followed by ring- 
openmg polymerKaton. a copolymer obtained by ring-opening polymerizing DL-lactide; a copolymer obtained by 
prtymer.z.ngam.xtureofL-lacticacidwimD-lacticaddiorami^ 

erS? im^ , a ^f h e I , b T 9 a l^ am ! nte,,y amorpnous ^iassy polymer, the pdy-D. L-lactic acid shows elastic prop- 
ert es .mpartng a h,gh deformabHlty at the glass transition temperature or above. Thus, it can be deformed by enlarge- 
ment, drawing, compression, twisting, etc. at a high ratio and yet recovered to the original shape at a ratio (shape 
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w . ioht anri intrr , e strength of this polymer can be regulated mainly by controlling the molecular 

E22L2iIE 119 SOmewhat crys,al,ine P hase thereinto. ™s PCymer has an additional advantage that it can be 
hydrolyzed quickly „ v,vo. compared with crystalline poly-L-lactic acid. etc.. owing to the amorphous properties 

s I^Lw J^ 60 ^ H laSSy 3nd am ° rph0US POly-D.L-lactic acid may be mixed with a portion of biodegradable and 
£S?2? ^ 1 Crysta,,ine Po'yL-lactic acid. poly-D-lactic acid. pol y glycol£aad, amorphous polydiox- 

ZELEEE?£ ne 1 PO,ytnmeth y lene ^^e. « is al *> Preferable to use. either alone or as a mixture thereof , 
r^!mlr ^T P ^ S Shape * memory po,ymers obteined b * ccpolymerizing lactides such as lactic acd/glycolic acid 
aad ^* anone copolymer, lactic acid/caprolactone copolymer, lactic acid/ethylene glycofoopolymer. 

to mt be XT D e r^ y m r0r ""'SIKS < ^* re « te " e <*"• (wherein lacticacid and fectide 

may be either L-. D-. DL- or D.L-isomers) with biodegradable and absorbable monomers. 

E ¥ va^ s tS*fr ed * S"? 1,1656 CrySta " ine hornopolyrner mixtures are. for example, as follows. 

Z^STT ^ matena ' S 030 56 enhanced and the ^""ing and shape-memory temperatures 
can be elevated Further, the degradation rate and the total absorption time in vivo can be regulated thereby The 

„ S^STrS:^ by th !i ntram ° , r ,ar * the po.y-D.L-,ac*c acid with absolve mZ^rsTre 

^ follows. Namely. srnce the crystalline polymer can be converted into an amorphous one. various characteristic 

ctX32Sd 3ry 05 ^ impar,ed theret ° Furthermore, the degradation rate and the absorption rate 

SL.^ 8 ^* 008 ' 'f*"**' 63315 fof the present inverrtion res < des in the feet that these biodegradable and 
20 m ^°^! ^Z" 5 ^XfZE ? 10 016 SeCOndafy m0ldin9 at Such a temperature as not deteriorating the poly- 
Z moS^J rSZS J? de f ri0 ! ated ' ^ * the conventional methods (injection mowing . extru- 

s,on mold,ng. compress,on moldrng. etc.) at Tm or above. For example, it is commonly observed that a polymer having 

ulaTSnt r^llTTJl'^ into 006 ^ 3 motecuta ' ***** 1/10 *«• ^ than tr^nitia, moleJ 
an eTenSJ hkfh^^,™ deteriorated at Tf employed in the present invention. Thus. 

*5 Sn Z *2n2 y ^ ^ ^ eStab ' ished and aerials with excellent shape-memory characteristics 

kq ^ S l b fyt nient i ned , materials 030 be appropriately employed as various materials for treating vital tissues 

TJl , * to6d here,nafter < for example, those for vascular anastomosis, vascular ligation, tendon fixation, bone 

S h^^^?H Pre !! n ?. VaSCU ' ar rec °nstriction and preventing bone cement in marrow cavity from leakage and at* 

^arSl-J^"'", 9 T f ° ri9inal to De memorized (pipes, rings, yarns, plates, hemisphere cup 

a^Vn^S "£ if" deform,n9 10 ° ther ShapeS for easy ^ ^en allowed to stand ft, vivo, these mater^ 

ffsed ^i^lh^ tn Pa T 9G " 5 6 abSOrbed fo,,owed ^ d-'^arge, since they are made of lactic acid- 

iTctiTaS^H 2J££ WOUld nG T : emain ,h wVo as ,orei 9 n ^ers. Because of being ncn-metallic. the 

tactic acta-oased polymers would never cause halation in MRI or CT. 

o^rmed or^ 0 ^l a ^ aPe " m !T^ bi0de9radab,e 3nd absort3ab,e material made of a lactic acid-based polymer is 
btS^SS? H ^ 6 r entraned CM8 ' 166 deformatio " may be performed repeatedly. Namely, a shapTmemory 
^Cerl^hav^^^^l^ pr0duCed by defo ' mi "9 a molded article made of a fectic^acid-based' 
Z2£^J^!£r*T artide haVin9 an0thSr at 3 temperature higher than the 

M ^s Trl^T T & *"* Cr y ste,li2ation terrperature thereof (or 100'C when the molded 

*ZT>*1, crystallaahon temperature), then fixing said molded article to the thus deformed shape by cooling it as 
mow^ l^Z * r 9,6 9 ' aSS ,fanSiti0n temperature, further deforming said molded article into another 
er^Sr^ 8 ^ 6 ^ ,e ^ erature hi 9 her ^an the g.ass transition temperature but lower than said 

fu^ol th» If 3 Shape "T e i!l 0ry bi0de9radable and absorbable material is advantageous in that, when the tempera- 
course oT'Srr' b J° de9radab,e ^ abso * ab| e materia, exceeds the second deformation temperature^ the 
Clf ZTjf Z 9 ; . 66 r6COVered t0 the shape of the first^Jeformed molded article and, when the temperature 
Taul to saf l^TJ^^ H ^ bG ,ina " y recovered to ^ ^ape of the original mo^rticle. 

rtZZSJZ e£ZZ?Z. 6 St6P ^ bC Ufc " d ' n Shape m ^ biodegradable 

Elv^L. '"^f"^" 10 ^ biodegradable and absorbable materials of the present invention, mold articles are usu- 
SStLS^t 1 ? 6 . acw-based polymers obtained by various mokfing procedures such as meH-moWing. as the 
aSe^o rl23ll " S ? ^Ti 6 10 emp,OV f0am6d ^ artides Wh «" « shape-memory biode- 

oo^L^ i^S mate : ,a, • 18 Pr6pared by deformin 9 < for ^mple. compression deforming) such a 

^ea^^rt^t^r^^ ™?° r0US artCle ^ ano,he ' ^ a t « temperature hPgher than 

th! ^WohT? i h 9) th€re0f ^ ,ower ^an the crystallization temperature (Tc) thereof (or 100°C when 

defo^mS S£2 K h3S 7 Cr f a '" 2 l on temperature) and fixing this substantially non-porous mokted article to the thus 
fhtZS f ? y - ^' n9 rf 35 SUCh t0 3 tem P eratur e 'ower than the glass transition temperature, is heated again to 
the above deformat,on temperature (Tf) or above, it can be recovered to the porous molded article of the original shape 
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When such a biodegradable and absor6ab(e material is recovered to the original porous molded article and embedded 
in vivo, bodily fluids can quicWy penetrate into the material via the open cells and thus the material is hydrolyzed. At the 
same time, tissue cells around the affected site can enter the material via the pores and proliferate therein. As a result 
the material is replaced by the tissue cells and thus disappears within a relatively short period of time. Accordingly such 
materials are highly useful as scaffolds, etc. for regenerating tissues. 

[0045] As the original porous molded article, it is appropriate to use one having an expansion ratio of 2 to 3 and a 
porosity of about 50 to 70 %. When a shape-memory material prepared from a porous molded article with an expansion 
ratio lower than 2 is embedded in vivo, bodily fluids and tissue cells cannot well enter the material. When a shape-mem- 
ory material prepared from a porous molded article with an expansion ratio exceeding 3 is embedded in vivo, on the 
contrary, it is feared that the material can exert only an insufficient strength when embedded into an amputated part in 
a hard tissue (bone, etc.) in vivo. However, this wouldnt applicable to the case of soft tissues. 
[0046] The shape-memory biodegradable and absorbable materials of the present invention can contain biologi- 
cally active bioceramics powders or various drugs. 

[0047] Examples of the bioceramics powders include powders of surface bioactive sintered hydroxyapatite 
bioglass for living body use. crystallized glass for living body use. bioabsoibable neither calcined nor sintered hydroxya- 
patite. dicalaum phosphate, tricafcium phosphate, tetracateium phosphate, octacalcium phosphate, calcite and dtop- 
site. Either one of these bioceramics powders or a mixture thereof may be employed. When a shape-memory 
biodegradable and absorbable material containing such a bioceramics powder is embedded into bone tissue in vivo 
the formation of the bone tissue on the surface of the material is induced by the bioceramics powder. Thus, the material 
can be f wed to the bone tissue within a short period of time followed by fixation or replacement. Namely, shape-memory 
biodegradable and absorbable materials of this type are highly useful as materials for bone fixation. In particular, bioce- 
ramics powder-containing shape-memory materials having been prepared by compression molding the above-men- 
tioned porous molded articles are extremely efficacious in the reconstruction of bone tissue. 

[0048] On the other hand, examples of the drugs used in the present invention include various remedies, antibac- 
terial agents, bone growth factors, various hormones, physiologically active substances and various cytokines. When 
these drug-containing shape-memory biodegradable and absorbable materials are embedded in vivo, the drugs can be 
released at an almost constant rate. Thus, these materials can be appropriately employed as drug delivery system 
(DDS) bases. Among all. those containing growth factors such as the bone growth factors or cytokines as cited above 
are highly useful as materials for bone fixation or bone tissue reconstruction. 

[0049] Next, particular embodiments of the shape-memory biodegradable and absorbable materials of the present 
invention will be described in greater detail by reference to the attached drawings. 

[0050] Fig. 1 is a diagram which illustrates a shape-memory biodegradable and absorbable material for vascular 
anastomosis (hereinafter referred to simply as "shape-memory material for vascular anastomosis"). 
[0051] This shape-memory material for vascular anastomosis (1) is a cylindrical molded article made of a lactic 
acd-based polymer as described above. When heated to a definite temperature [i.e.. the deformation temperature (Tf) 
as will be described hereinafter], it can be recovered to the memorized shape of small diameter pipes without applying 
any external force thereto. * 

(0 °^L Namely, this shape-memory material for vascular anastomosis (1 ) is prepared by enlarging and deforming a 
molded article (la) made of a lactic acid-based polymer in the shape of small diameter pipes into another molded article 
in the shape of large diameter pipes at a temperature (Tf) higher than the glass transition temperature (Tg) thereof but 
lower than the crystallization temperature (Tc) thereof (or 100°C when the molded article has no crystallization temper- 
ature) and then fixing said molded article to the shape of large diameter pipes by cooling it as such to a temperature 
lower than the glass transition temperature (Tg) to thereby make it to memorize the shape (small diameter pipes) of the 
original molded article (1a). 

[0053] In the original molded article (1 a) in the shape of small diameter pipes, the shape of the small diameter pipes 
is fixed by molding a lactic acid-based polymer to a temperature at which the material becomes moldable [i.e.. higher 
than the melting temperature (Tm), if any. or the softening temperature (Ts)] and then solidifying rt by cooling at ordinary 
temperature. Thus, both of the fixed and reversible phases have been solidified. The inner diameter of the small diam- 
eter pipes of this molded article (1a) should be smaller than the outer diameter of blood vessels. In usual, the inner 
diameter thereof is regulated depending on the size of the Wood vessel to be anastomosed. From the viewpoint of 
strength, rt is sufficient that this molded article has a thickness of from 0.5 to 3 mm. 

[0054] This molded article (1 a) may be enlarged and deformed by various methods. The most convenient method 
is one comprising enlarging the molded article (1a) by inserting therethrough an enlarging rod (101) with a sharp tip 
/™ ,ul a m6t !' ° r 3 Synthetic resin wni,e heatin 9 article to the above-mentioned deformation temperature 
(Tf). Although the molded article (1 a) can be enlarged about 15-fold (enlarging rate of inner diameter) at the maximum, 
an excessive enlargement might convert the lactic acid-based polymer into fibrils or make it less uniform while insuffi- 
cient enlargement might result in only an unsatisfactory effect of shape-recovery. Thus, it is preferable to enlarge the 
molded article (la) about 1 .3- to 10-foW. still preferably about 1 .5- to 6-fold 
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^ T ° memor,ze *e shapW sman diameter pipes of the original molded article (1a). the enlargement and 
deforrraton should be carried out at a temperature (Tf) which is higher than the glass transition temperature (Tg) but 
ower than he crystallization temperature (Tc). Most of the lactic acid-based polymers to be used in the present inven- 
tion have glass transition temperatures (Tgs) falling within a range of from 45 to 70»C. For the reasons as described 
above, the upper limit of the temperature (Tf) for the enlargement and deformation is 100X. Usually, the molded article 
(1 a) rs enlarged and deformed at a relatively low temperature (about 50 to 70°C). 

22?1- ? de ^ toedabove - t"e enlarging rod (101) is inserted through the molded article (la) in the shape of the 
small diameter ppes while heating it to a temperature (Tf) higher than the glass transition temperature (Tg) but lower 
than *!^ a,,, !f on temperature (Tc). Thus, the reversible phase alone of the molded article (1a) is fundamentally 
.T™ h !!!1 ^^fT^ 86 18 SOftened to such an extent that ft seems moldabfe. As a result, it can be enlarged into 
lw! P ^ ' * e m ° Wed BTtCie te CO °' ed at ordinary temperature lower than the glass transition temper- 

ature jTg) as such (..e.jn the enlarged state) to thereby give a shape-memory material for vascular anastomosi^) 
wheranthe reversWe phase has been solidified again and thus the shape of large diameter pipes is maintained by 
IkwJ^ ^hape-memory material for vascular anastomosis (1) in the shape of large diameter pipes thus 
!SL a9an 10 ahWe deformat i° n temperature (Tf) or above, the reversible phase alone is molten. As 
t!^r'^ mOWed J art,C ' e ,S reGOvered to the original molded article (1a) in the shape of small diameter pipes owing 
!°n^H f ^'* aSe However, the shape-memory materials for vascular anastomosis of the present invention involve not 
only those wherein the fixed phase and the reversible phase independently form block phases but also those having no 

sinKture due to toe interaction among molecules and exerting the same function 
J™? . shape-memory material for vascular anastomosis (1 ) is finally sterilized with gas and stored. Since H is 
™ ( „ ^l aCtd * aS<Xi p ° lymer hav,ng a 9 ,ass transition temperature of from 45 to 70°C as described above, there 
Z°C)l7<Z^ng^^™™ y material is recovered to the original shape at the gas sterilization temperature (40 - 

o* KSff! 2fead * 9ram ^ i ^ il,u ^eshowto 

l ~l * rat - .f* ends °t incised "ood vessel sections (102. 102) are inserted from both openings of the shape- 
ZZ^2Z?*i VaS °^ r - anaSt0mOSiS (1) in * e shape 01 ^rge oNa"*** pipes. Next, the shape-memory material 
Z^fl ^^1^ hCated 39ain to the above deformation temperature (Tf) or above.Te reheating can be 
corweniently performed by. for example, spraying a hot air stream or hot water (sterilized saline, etc.) heated to the 
above deformation temperature (Tf) or above, though other procedures such as laser heating, high frequency heating 

so ultrasonic wave heating, or IR heating can be used. eMuency neanng. 

SOUL, Whe " th "L h< ; ated a9ain ' shape-memory material for vascular anastomosis (1) in the shape of large 
tT**™^ r ^^"SS SeV6ral seConds) recovered to *e original molded article (1a) in the form ofsmall diam- 
?" P T™ t Wh " e hoWin9 the ends of the Wood vessel sections (102. 102). Thus/the Wood vessel sections 
i ° 2 'l°f ca " Deva [y anastomosed together. Compared with the conventional case wherein Wood vessels are 
T^^TZTZ 8 ya Z- enastomosis treatment can be very simply and easily performed, which can 

remarxaWyel evatethe ope ratio n efficiency. Moreover, the reheating can be carried out at a relatively low temperature 
around "* treatment is a highly safe one free from any fear of burns at the vessels or there- 

l**"J . . ,n i so l me 035 ^ rt is PossiWe that, after recovering the shape-memory material for vascular anastomosis (1) 
°n*°S Shape by reheating, the shape-memory material for vascular anastomosis (1) is somewhat flattened by 
S 1^ !?; L 0lidified Dy coolin 9- T"" 8 - ^ shape-memory material for vascular anastomosis (1 ) can 

1 ° W,ng and flXin9 106 blood vessels 14 is a,so P° ssib| e that an adhesive (fibrin paste/etc.) 
hfSI™ ,mer fa ? / of * e snape-memory material for vascular anastomosis (1) prior to the recovery and then 

T^Tn^r^T * 0) fe r6COVered t0 0ri9ina, shaDe to hereby adhere the material (1) to the Wood vessel 
sections (102) or adhere the Wood vessel sections (102. 102) to each other 

KLlar^^n^^ 65 ^ (1 ° 2, 1 ° 2) anaSt0rmsed ^her by using the shape-memory materia. 

ELZ^c ^ <1) 38 descnbed the Wood vessels are bonded to each other through spontaneous 

^Z^^rS* *!l hape ' memory material for vascutar anastomosis (1) comes in. contact with bodily fluids 
and thus is hydrolyzed wrth the passage of time. Finally, it is absorbed in vivo and thus completely disappears Although 

Itr/lT^r P T e&i 31 differ6nt de ° endin 9 on the type of the polymer. poJ-D.UacS7cid is appropri- 

a il y , emplo 1 yed ttlerefor s,nce rt be considerably quickly degraded compared wrth poly-L-lactic acid 
22? /, , 5? shape - m f mor y •neterial for vascular anastomosis (1) according to embodiment, the original molding 
T~L?f ] th l Shape 5J. sma " diame ter pipes is produced by melt-extrusion molding. However, other melt-molding 
P ™u n ™r2^™ ^ n9 ^ C ] TOy te emptoyed tnerefor - " is a,so PO^ble to Produce the molded article (1a) by 
cSdriL? r^^t * l*? add * aSed °° ,ymer in a vo,ati,e onto the core material to form a thick 

5££S£ f ^^? 6 ^ and ' ^ SO,idification by drying, removing the core material. When the molded article 
inv f^ ^H^ * ^T" 9 38 in 106 ^ dr "9 s - etc. can be added to the polymer solution without 
any fear or denaturation. Accordingly, this method is particularly useful for producing a shape-memory material for vas- 
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cular anastomosis (1) containing a drug^te. 

l0( ** ] ^^* e aba'^mentioned solvent, those in which lactic aod-based polymers are soluble are used. When a 
solution of a lactic acid-based polymer in a mixture of such a solvent with a non-solvent having a boiling point higher 
* !Th!? ? thef vent perse is applied or sprayed onto the above core material and then dried, a foamed and porous 
™ T ( I'" theS , hape0,Sma " diameter P^ 5 having an open cell structure can be obtained. When a shape- 
memory material tor vascular anastomosis (1 ) obtained by enlarging and deforming the foamed molded article (la) Sus 

'TOO? ^ i9inal <0amed mMed artide (1a) b * reneatin 9 and then embedded in vivo while holding 
^t^TS *** f ^ 6nter *" Shape " memor y serial (1) via the open cells. In this case, therefore, the con 
,„ ^f .^ 1,16 Shape " mem ° r y materal t"e bodily fluids is considerably enlarged, compared with a shape-memory 
t^l TJ^T^ no ^ ^ thus hydrolysis proceeds quickly. As a result, there is successfully achie^an aS 
raSJ I t. aP ^^ ** V3SCUlar anast °-^s (i) can be absorbed in w W within about 1 to 3 months. 

°°!fj ' n *'^!^ XX * m f tt - 6 ° n9ina ' molded artide < 1 a ) and enlarged and deformed shape-memory material 
2 il^T'" Cy " ndn f ShapeS - ^ ^ P resent Mention is not restricted thereto and thesemolded articles can 
,5 roiSS ST ^P 68 ^™ 9 ^^.fctional shapes, for example, ellipse, polygons including triangle and the like. 

r 9 «l ' Sad ' a9,am ^' l, ^ at ^ a ^ a ^^ 
emoodiment of the present invention. 

10067] In this shape-memory material for vascular anastomosis (22). a molded article (2a) made of a lactic acid- 
^? JZ V Z e !, 3 w ^ m 8 Sh3pe * 301811 diameter P^ "as a crimpy inner face (21a). This molded article (2a) is 
dSSAS T 9 !^^ !L PipeS by h6atin9 * t0 a temperature (Tf) higher than the glass transition tem- 
t P ^ *1 < T 9) T, ! n 6 CTySta, " Zat,0n temperature (Tc) thereof (or 1 00'C when the molded article has no crys- 

~asryr * ,fated to *- ^ by — - 

IJfSloh JT 6 "^ VeSSe<S anaS * 0m0Sed with the use of this shape-memory material for vascular anastomosis 
3* T ttie Sam * mamer 35 1,16 °" e described above, the blood vessels can be tightly held and fixed all 
rSSTSS L C ZfI m ?ri Ce (213) * *- ° ri9inal artide ( 2a > in ^ shape of small diameter pipes. As 

mSte J 2 ) that the blood vessels would never fall off from the shape-memory material, for vascular anasto- 

♦hIT e , inn !L?!f ? thS ^ article (2a) may te crim Ped not only lengthwise. Namely, it maybe draped ver- 
so 2, *? * *• -nosed btood vessels can be brought close and adhered to each other easily. 

S£S im J?oi i* 3 9r ! m ^ " ,US,rateS 3 ^ape-memory material for vascular anastomosis according to another 
embodiment of the present inventon. while Fig. 5 is a diagram which illustrates how to use the above shape-memory 

Irfnl 1 /-. ™* shape-memory material for vascular anastomosis (3) is prepared by drawing and deforming a molded 
SStaK.^L 3 ? !. C S" baSed P ° fymer 3,1(1 havin9 a 6ha P e of small diameter pipes into another moWed article 
^SS!nSS^S!f dia r t6r Pip6S 31 8 te "Perature (TO) higher than the glass transition tem- 

Z TvZmH ^ ^ CH^tal^tion temperature (Tc) thereof (or 100°C when the molded article has 

no crystall.zat.on temperature), then fixing said molded article to the thus deformed shape by cooling it as such to a 

SSjTnTe^S ^r emPefatUre ' fUrther «» a ^ 6 int^he^ed 

cn£^TZ!Z?£? h^ 9S ^ 3t 3 tem P erature HI?) higher than the glass transition temperature 

S ^ deformaton temperature (Til) and fixing said molded article to the thus extended shape 
by cooling rt as such to a temperature lower than the glass transition temperature 

!?™Lr„T en m V emp e ratUre of the shape-memory material for vascular anastomosis (3) exceeds the second 

Ure , ( I e> *• 01 reheaWn9 to the ,irst deformation temperature T 1 ) or above, it can 

i^r^V^t?** ,,rsWeformed ™"ed article (3b) of longer and small diameter pipes. When heating E 
further oontnued and the temperature thereof exceeds the first deformation temperature (Tf 1). H can be finally recov- 
ered to the shape of the original molded article (3a). i.e.. small diameter pipes na-iyrecov 

Saoe mtmnr^r 8 ; **? * WOOd VeSSel Sections < 102 - ™2> are inserted from both openings of 

STRESS ^ avascular anastomosis (3). Next, the shape-memory material for vascular amstomosfe 

bl^ ^S c 9 ^" ^/n^f t0 ^ article (3b) in *° £ha Pe of longer and small diameter pipes. Thus the 

%ZEI2 1 ^ 1 ] a ' eti9hVy he<d a0d fiX6d by the m0,ded artic,e < 3b > Subsequently, me molded article 

^^TSis^rz^^ shape o, , the mo,ded artic,e <3a> whi,e ^ and ,ixin9 1,16 wood ves - 

SotT b 1 J L™1 Sect,ons < 102 ' 102 ) ^ brought close together and anastomosed. 

ton^mJL^SSfii^ J 6 de ^mat.on temperature (Tf2) is lower by at least 10°C than the first deforma- 

for JTS ^ J } «r ^ drfferenCe betWeen 1,1656 temperatures is less than 10»C. the shape-memory material 
S iSSSj S B S n T ( i ,S reCOVered almOSt simuHaneous| y to the molded article (3b) and thTmotoed article (3a) 

arTs^S ASSESS 3 reSU l?* ^ ^ SeCti ° nS (102 ' 102) 090 66 ^ ^ht close together ana 
thTS l , Terence between these temperatures is more than 1 0°C. on the other hand, the recovery of 
the shape of the shape-memory material for vascular anastomosis (3) to the molded article (3b) can be completed dur- 
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ing the reheating proceeds from thesecond deformation temperature (Tf2) to the first deformation temperature (Tf1) 
Thus, the recovery of the molded articles (3b) and (3a) can proceed stepwise and the blood vessel sections (102 102) 
can be brought close together and anastomosed. It is preferable that the difference between the first deformation tem- 
perature (Tf1) and the second deformation temperature (Tf2) is from 20 to 30°C. Examples of materials appropriately 
5 satisfying this requirement include lactic acid-based polymers having a partly crystallized phase or containing a portion 
of a crystalline lactic acid-based polymer. 

[0075] It is also preferable in this shape-memory material for vascular anastomosis (3) to use a molded article hav- 
ing a crimpy inner face as the original molded article (3a) in the shape of small diameter pipes so that, after the shape- 
recovery by reheating, blood vessels can be tightly held and fixed owing to the crimpy inner face thereof. 
io [0076] Fig. 6 is a diagram which illustrates a shape-memory biodegradable and absorbable material for vascular 
ligation (hereinafter referred to simply as -shape-memory material for vascular ligation") according to another embodi- 
ment of the present invention, while Fig. 7 is a diagram which illustrates how to use the above shape-memory material 
[0077] This shape-memory material for vascular ligation (4) is made of a molded article of a lactic acid-based pol- 
ymer in the shape of rings. When it is heated to a deformation temperature [i.e.. the deformation temperature (Tf) as 
is will be described hereinafter], it can be recovered to the memorized shape of small diameter pipes without applying any 
externalforce thereto. * ' 

[0078] That is to say. this shape-memory material for vascular ligation (4) is prepared by enlarging and deforming 
a molded article (4a) made of a lactic acid-based polymer in the shape of small diameter rings into another molded arti- 
cle in the shape of large diameter rings at a temperature (Tf) higher than the glass transition temperature (Tg) thereof 
but tower than the crystallization temperature (Tc) thereof (or 100°C when the molded article has no crystallization tem- 
perature) and then fixing said molded article to the shape of large diameter rings by cooling it as such to a temperature 
lower than the glass transition temperature (Tg). 

[0079] When heated to the deformation temperature (Tf) or above, this shape-memory material tor vascular ligation 
(4) in the shape of large diameter rings can be quickty recovered to the original molded article <4a) in the shape of small 
7'^ m . ete [ v nn ? & F ' 9 7 shows - A™ 5 shape-memory material for vascular ligation (4) is put into the end of a Wood vessel 
(102) to be ligated. Then it is reheated by bringing into contact with a hot air stream or hot water (sterilized physiological 
saline) at deformation temperature (Tf) or above. As a result, it is immediately recovered to the original molded article 
(4a) m the shape of small diameter rings and thus the end of the Wood vessel (102) can be tightly ligated all around 
thereby, thus achieving stanching. In this case, it is possiWe that the shape-memory material is somewhat flattened by 
/"fnox 3 as1eneri etc - and then by cooling. Thus, the safety can be improved since the end of the Wood vessel 

(1 02) ' S m ° re Str ° ngly " necessarv ' hemostatic drugs, etc. may be applied to the ligated part of the Wood vessel 

[0080] The inner diameter of the original molded article (4a) in the shape of small rings should be regulated so as 
to ensure sufficient ligation of the Wood vessel (102). More particularly speaking, it is preferaWe. by taking into consid- 
eration the size of the Wood vessel to be ligated. that the molded article (4a) is in the shape of rings having an inner 
diameter of from about 0.1 to 1 .5 mm. In this case, the Wood vessel (102) can be ligated more strongly by crimping the 
inner face of the mWded article (4a). It is sufficient that the width of this molded article (4a) ranges from about 0.3 to 5 
mm. 

[0081] It is preferaWe that the original molded article (4a) is enlarged and deformed into a shape-memory material 
40 for vascular ligation (4) in the shape of large diameter ring. i.e.. having an inner diameter enlarged 3- to 10-fold by a 
convenient procedure, for example, insertion of an enlarging rod (101) through the molded article (4a) as described 
above. When the shape-memory material (4) is enlarged less than 3-fold, it cannot be well put into the Wood vessel 
When the shape-memory material (4)is excessively enlarged (i.e.. more than 10-fold), it is feared that the shape-mem- 
ory material (4) might suffer from deterioration in the strength due to heterogenization. Thus, both of these cases are 
4S undesirable. 

[0082] In this embodiment, the original molded article (4a) and the enlarged and deformed shape-memory material 
(4) are both in the shape of round rings. However, ft is needless to say that these rings may be out of round (for example 
ellipse, polygons including triangle and the like). 

l °™ 3 \ Fi9 ' 8 fe a d «9ram which illustrates a shape-memory material for vascular ligation according to another 

so embodiment of the present invention. 

[0084] This shape-memory material for vascular ligation (5) is prepared by enlarging and deforming a molded arti- 
cle (5a) made of a lactic acid-based polymer in the shape of small diameter pipes into another molded article (5b) in the 
shape or large diameter pipes at a temperature (Tf) higher than the glass transition temperature (Tg) thereof but lower 
than the crystallization temperature (Tc) thereof (or 100°C when the molded article has no crystallization temperature) 

55 and then fixing said molded article (5b) to the shape of large diameter pipes by coding it as such to a temperature lower 
than the glass transition temperature followed by cutting into round slices to give large diameter rings. 
[0085] When heated to the deformation temperature (Tf) or above, the shape-memory material for vascular ligation 
(5) in the shape of large diameter rings can be recovered to the shape of small diameter rings obtained by cutting the 
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original molded article (Sa) in the shapSo? small diameter pipes into round slices. This shape-memory material for vas- 
CU lL_? 3t S n (5) the shape * a ^ diameter rin 9 «s put into the end of a Wood vessel and reheated by bringing into 
contact with a h air stream or hot water (sterilized physiological saline) at deformation temperature (Tf) or above As 
a result, it is imr lately recovered to the original shape of a small diameter ring and thus the end of the Wood vessel 
can be tightly ligated, thus achieving stanching. 

I™ 8 ?} u ^ inner d'ameter of the original molded article (5a) in the shape of small diameter pipes should be regu- 

J^J^i , 1 V * mm * toWnB ,he 6828 * ^ vessel to be ligated into consideration. It is desirable that 
the molded article (5a) has a crimpy inner face so as to improve its ligating performance. Similar to the above-men- 
tioned case it is preferable that the original molded article (Sa) is enlarged and deformed into a molded article (5b) in 
the form of large diameter pipes so that the inner diameter is enlaiged 3- to 10-fold. It is sufficient that the width of the 
shape-memory material (5) in the shape of targe diameter rings ranges from about 0.3 to 5 mm. 
«1 Fl£ L 9 B 3 d,aQram **** illustrates a shape-memory biodegradable and absorbable material for tendon fix- 
ation (hereinafter referred to as -shape-memory material for tendon fixation -) according to another embodiment of the 
present invention, while Fig. 10 is a diagram which illustrates how to use it. 

[0088] This shape-memory material for tendon fixation (6) is prepared by drawing and deforming a molded article 
(< ^r ade * a ,act,c acid-based polymer in the shape of almost square small pipes having a flat opening area into 
another molded article (6b) in the shape of longer pipes having a small opening area at a temperature higher than the 
glass transition , temperature (Tg) thereof but tower than the crystallization temperature (Tc) thereof (or 100-C when the 
molded article has no crystallization temperature), then fixing said molded article (6b) to the shape by cooling it as such 
°J! tem P eratu 'e 'ower than the glass transition temperature (Tg). next extending and deforming the molded article (6b) 
into another molded article in the shape of almost square pipes with a larger opening at a temperature (Tf2) higher than 
.Jfff* tra , nsrt,on temperature OW *"» tower than the former deformation temperature (Tf1). and then fixing said 
10 * 6 ShapS 000,1,19 rt as such to a temperature lower than the glass transition temperature (Tg). 
[0089] When the temperature of the shape-memory material for tendon fixation (6) exceeds the second defer ma - 
ion temperature (Tf2) in the course of reheating to the first deformation temperature (Tf 1) or above, it can be recovered 
rj^t 5 ^ 36 * e intermediate molded article (6b) of longer small diameter pipes. When heating is further continued 
and the temperature thereof exceeds the first deformation temperature (Tf1). it can be finally recovered to the shape of 
the original molded article (6a). 

[0090] As Fig. 1 0 shows, both ends of incised belt-like tendon sections (103. 1 03) are inserted from both openings 
of the shape-memory material for tendon fixation (6). Next, the shape-memory material for tendon fixation (6) is heated 
, ^!T ape " memory material (6) is constocted both lengthwise and breadthwise and thus recovered to the 
molded article (6b) in the shape of a long, flat and almost square pipe having a small opening areas and. therefore the 
tendon sections (103,103) are tightly held and fixed thereby. Subsequently, it is constricted lengthwise while tightly hold- 
ing the tendon sections (103. 103) and recovered to the original molded article (6a) in the shape of a short flat and 
and < Sed qUare 3 ° Pe " in9 af6a ThuS ' ^ tendon sections 003. 103) can be brought dose together 

m^lL „ J? hold,n 9 and Nation of the belt-like tendon sections (103), it is necessary that the original 

^ f,? ! 8 m form 01 3 ,,at and a,most W P j P e ha ™9 a smaller size (length and width) than that of 
the tendon (103). More particularly speaking, it is preferable that the molded article (6a) is in the shape of a flat and 

! T^ r^ e P,P l°!f t0 10 mm in inner ,en9tn ' 7 to 30 mm in inner width and 0.1 to 3 mm in thickness. It is also pref- 
te^dis S 3 (6a) haS 3 Crimpy inner face 30 as to im P™e the performance of holding and fixing the 

,m * * '.^f rabl8 th3t th6,irSt dr aw-deformation is carried out so thatthe molded article (6a) is lengthened 1 5- 
w?h £1 y , 2 " 10 6 " f ° W Simi,ariy - rt is Platte that the second exterxWeformation is earned out so 
that the molded article (6b) is extended about 3- to 10-fold, in length and width. Similar to the above-mentioned case of 
™f na P e ^ memor y material for vascular anastomosis (3). the difference between the firat deformation temperature 
( i n j ana the second deformation temperature (Tf2) should be at least 1 0°C. preferably 20 to 30°C 
[0093] The shape-memory material for tendon fixation (6) according to this embodiment is subjected to deformation 
hvice. as desenbed above. It is also possible that the original molded article (6a) in the shape of flat and almost square 
pipes with a small opening area is enlarged and deformed lengthwise and breadthwise once by heating to a tempera- 
ture (Tf) higher than the glass transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) 
thereof or 100°C when the molded article has no crystallization temperature) and then cooled to give a shape-memory 
matenal in the shape of almost square pipes having an opening area larger than that of the original molded article (6a) 
When reheated to the glass transition temperature or above, this shape-memory material for tendon fixation . which has 
been merely enlarged and deformed, can be constricted lengthwise and breadthwise and thus recovered to the original 
t^T^ D ' 0d ! 9rada " e and abS0ftoable material (6a) in the shape of flat and almost square pipes. In this case, 
incised tendons can be tightly held and fixed thereby too. 

[0094] Fig. 1 1 is a diagram which illustrates a shape-memory material for tendon fixation accoiding to another 
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embodiment of the present invention. 
[0095] In this shape-memory material for tendon fixation, a number of V-shaped cut and lifted portions (61 ) toward 
the inner side are formed on the top and bottom faces of the above-mentioned shape-memory material for tendon fixa- 
tion (6) in the shape of an almost square pipe having a large opening area. These cut and lifted portions(61) are heated 
to the glass transition temperature (Tg) or above and the cut and lifted portions are constricted and recovered followed 
by solidification by cooling. 

[0096] When this shape-memory material for tendon fixation (6) is recovered to the original shape by reheating so 
as to tendons, the cut and lifted portion (61), which have been preliminarily constricted and solidified, strike through 
the top and bottom faces, thus achieving an advantage of surely preventing the tendons from falling off after the com- 
1 pletion of the fixation. 

l0097 l - AsF ' 9 " 11 ShOWS ' rt 18 P referab,e that the tip of each of the V-shaped cut and lifted portion (61) is located 
toward the center of the shape-memory material (6). since the cut and lifted portions can well strike through tendons 
and thus achieve an improved effect of preventing the tendons from falling off. 

[0098] Further illustration on the constitution of this shape-memory material for tendon fixation is omitted, since it 
is the same as that of the shape-memory material for tendon fixation (6) as described above. 

I? 0 " 1 ~* FiQ 12 fe 8 diasram wnicn '""Strates a shape-memory biodegradable and absorbable material for suture 
(hereinafter referred to as -shape-memory material for suture") according to another embodiment of the present inven- 
tion, while Fig. 13 is a diagram which illustrates how to use the same. 

[01 00] This shape-memory material(7) for suture is made of a molded article of a lactic acid-based polymer in the 
shape of opened-out nngs. When it is heated to a deformation temperature [i.e.. the deformation temperature (Tf) as 
will be descnbed hereinafter], it can be recovered to the memorized shape of opened-out small diameter rings without 
applying any external force thereto. 

[0101 ] Namely, this shape-memory material for suture (7) is prepared by enlarging and deforming a molded article 
(7a) made of a lactic acid-based polymer in the shape of small diameter rings into another molded article (7b)in the. 
shape of large diameter rings at a temperature higher lhan the glass transition temperature (Tg) thereof but lower than 
the crystallization temperature (Tc) thereof (or 100°C when the molded article has no crystallization temperature) 
opening-out said molded article (7b) in the shape of large diameter rings, bending a part of the thus opened-out molded 
article (7c) so as to match with a suture needle to give a hook (71). and then fixing it to this shape by cooling it as such 
to a temperature lower than the glass transition temperature (Tg). 

[01 02] When heated again to the definite temperature (Tf) or above, the shape-memory material for suture (7) can 
be recovered to the former molded article (7a) in the shape of small diameter rings having been opened-out. As Fig 13 
S 2°^A^ e . °? k(71 } °* ** Shape " memory material for suture (7) is provided with a suture needle with which an incised 
site (104) of a living body is sewed in the desired stitches. Thus the incised site (104) is tentatively sewed up by passing 
the shape-memory material (7) through both ends thereof. Subsequently, the shape-memory material (7) is reheated 
to the deformation temperature (Tf) or above with a heat source (hot water, hot air stream, etc.). Then the shape-mem- 
ory material (7) is quickly recovered to the original molded article (7a) in the shape of opened-out small diameter rings 
i nus. the incised site (104) can be conveniently sewed up without fail. 

[0103] To tightly sew up the incised site (104), it is preferable that the original molded article (7a) in the shape of 
small diameter rings has an inner diameter of from about 0. 1 to 5 mm. an outer diameter of from about 0.3 to 7 mm and 
a length of from about 0.3 to 5 mm. It is also preferable that the molded article (7a) is enlarged and deformed so that 
the molded article (7b) in the shape of large diameter rings has an inner diameter 3 to 7 times larger than that of the 
w 5 (?a) " th ' S embodimen t- the original molded article (7a) and the enlarged and deformed one (7b) are 
both in the shape of round rings. However, it is needless to say that these rings may be out of round (for example 
ellipse^ polygons including triangle and the like), ft is desirable that original molded article (7a) is in the shape of 
opened-out small diameter rings wherein both ends of the opened-out part overlap each other. This is because the 
r£™ S,te , (104) 090 sewed °P more tightly after the molded article is recovered to the original shape by reheating 
[01 04] In this embodiment, an end of the molded article (7c) in the shape of opened-out large diameter rings is bent 
to form the hook (71). Alternatively, the molded article (7a) in the shape of small diameter rings may be enlarged and 
deformed into the molded article (7b) in the shape of large diameter rings at the above-mentioned deformation temper- 
ature (Tf) followed by cooling it as such to a temperature tower than the glass transition temperature (Tg) to thereby fix 
the shape. Then rt is opened-out as done in the case of the molded article (7c) to give a shape-memory material for 
suture. 

[0105] Fig. 14 is a diagram which illustrates a shape-memory material for suture according to another embodiment 
of the present invention. This shape-memory material for suture (70) is made of a lactic acid-based polymer in the 
shape of yarns. When it rs heated to a deformation temperature [i.e.. the deformation temperature (Tf) as will be 
thereto ' nafter1, rt 030 56 shortened t0 memorized shape of thick yarns without applying any external force 

[0106] This shape-memory material for suture (70) is prepared by processing a lactic acid-based polymer into a 
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molded article (70a) in the shape of thick yarns by, for example, melt-extrusion molding, drawing and deforming the 
molded article (70a) into another molded article in the shape of yarns longer and thinner than the above ones at a tem- 
perature higher than the glass transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) 
thereof (or 100°C when the molded article has no crystallization temperature) and then fixing said molded article to the 
shape of thin yarns by cooling it as such to a temperature lower than the glass transition temperature (Tg). 
[0107] This shape-memory material for suture (70) in the shape of yarns is used in sewing incised sites in vivo sim- 
ilar to the conventional suture yarns. However, it is unnecessary to closely tie up these yarns, as done in the existing 
cases. That is to say, an incised site is loosely sewed up with such a yarn of the shape-memory material (70) tentatively. 
Next, the shape-memory material (70) is reheated by bringing into contact with hot air stream or hot water (sterilized 
physiological saline) at the glass transition temperature (Tg) or above. Thus, the shape-memory material (70) is imme- 
diately recovered to the original shape of thick yarn and thus the incised site can be fastened, thus considerably reliev- 
ing the labor for sewing. 

[0108] It is appropriate that the original molded article (70a) in the shape of yarns has a diameter of about 0.2 to 1 
mm. since yarns of such size have a sufficient tensile strength and suffer from no trouble of cutting. It is also preferable 
that the molded article (70a) is drawn and deformed 1.5- to 10-fotel. still preferably 2- to 6-fold. 

[0109] In this embocSment. the original molded article (70a) and the shape-memory material (70) for suture are 
both in the shape of yarns with round section. However, these yarns may have oval or rectangular sections. To obtain a 
shape-memory material for suture in the shape of yarns with rectangular section, H is appropriate that the original 
molded article with rectangular section has a thickness of from 0.2 to 0.4 mm and a width of from about 0.5 to 1 .5 mm. 
[01 10] Fig. 1 5 is a diagram which illustrates a shape-memory biodegradable and absorbable material for bone fix- 
ation and union (hereinafter referred to simply as "shape-memory material for bone fixation") according to another 
embodiment of the present invention, white Fig. 16 is a diagram which illustrates the compression deforming of the 
above shape-memory material and Fig. 1 7 is a diagram which illustrates how to use the above shape-memory material. 
[0111] This shape-memory material for bone fixation (8) is a molded article made of a lactic acid-based polymer in 
the shape of bars. When H is heated to a deformation temperature [i.e.. the deformation temperature (Tf) as will be 
descnbed hereinafter], it can be recovered to the memorized shape of thick and short bars, compared with those before 
reheating, without applying any external force thereto. 

[01 12] This shape-memory material for bone fixation (8) is prepared by compressing and deforming a molded arti- 
cle (8a) made of a lactic acid-based polymer in the shape of thick and round bars into another molded article in the 
shape of round bars longer and thinner than said ones at a deformation temperature higher than the glass transition 
temperature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 100°C when the molded article 
has no crystallization temperature) and then fixing said molded article to the shape of thin and round bars by cooling it 
as such to a temperature lower than the glass transition temperature (Tg). 

[0113] When this shape-memory material for bone fixation (8) is heated to the deformation temperature (Tf) or 
above, it is immediately recovered to the original molded article (8a) in the shape of thick and round bars. As Fig. 17 
shows, therefore, this shape-memory material for bone fixation (8) is used as a substitute for conventional intermedually 
nails. Namely, the shape-memory material (8) is inserted equally into the marrow cavities (106a. 106a) of both sections 
(106, 106) of a broken or incised bone. Then this shape-memory material is reheated by. for example, bringing into con- 
tact with hot water (sterilized saline) at the deformation temperature (Tf) or above. As a result, the shape-memory mate- 
rial for bone fixation (8) is recovered to the original molded article (8a) in the shape of a thick and round bar and comes 
in contact closely to the inner faces of the marrow cavities (1 06a, 1 06a). Namely, the shape-memory material (8) is fixed 
tightly and cannot fall off. Thus, the bone sections (106, 106) can be easily and surely fixed together. 
[0114] It is also possible to use this shape-memory material for bone fixation (8) as a substitute for conventional 
bone fixation pins. In this case, holes having a diameter somewhat larger than the shape-memory material for bone fix- 
ation (8) are formed in the bone section to be fixed. Then the shape-memory material (8) is inserted into the holes and 
reheated in the same manner as the one described above. Thus, the shape-memory material is recovered to the orig- 
inal shape so as to fix the bone section. 

[0115] The original molded article (8a) in the shape of thick and round bars may be formed by various molding 
methods, for example, melt molding, injection molding or press molding. It may be as large as the conventional 
intermedually nails or bone fixation pins. 

[0116] For the compression deforming of the original molded article (8a), for example, the procedure shown in Fig. 
16 may be appropriately used. In this compression deforming procedure, a mold (105) is used in which coaxially pro- 
vided with a large diameter cylindrical holding cavity (105a) having a large cross-sectional opening area and a small 
diameter cylindrical, bottomed molding cavity (105c) having a small cross-sectional opening area and a contraction part 
(1 05b) having an inner face tapered toward the bottom which is located between the two cylindrical cavities (105a 105 
c). The molded article (8a) is introduced into the holding cavity (105a). Next, the molded article (8a) is continuously or 
intermittently pressing into the molding cavity (105c) by a pressing male die (105d) at the deformation temperature (Tf) 
as described above and then fixed to the shape by cooling as such to thereby give a shape-memory material (8) in the 
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shape of ttiin and round bars. 

[01 1 7] In this procedure, it is preferable that the opening area ratio of the holding cavity (1 05a) to the molding cavity 
(105c) is controlled within a range of from 1.5 to 6.0 so as to regulate the deformation ratio [i.e., sectional area of 
molded article (8a)/sectional area of shape-memory material (8)] substantially from 1.5 to 6.0. When the deformation 
ratio is less than 1 .5, the resultant shape-memory material has only an insufficient effect of shape-recovery. When the 
deformation ratio exceeds 6.0, on the other hand, there arises another problem that the material becomes porous or 
fibrous, i.e.. heterogenization. 

[01 18] It is highly useful to add to this shape-memory material for bone fixation (8) from 1 0 to 60 % by weight, pref- 
erably 20 to 50 % by weight, of a biologically active bioceramics powder. When the bioceramics powder-containing 
shape-memory material for bone fixation (8) thus obtained is inserted into a marrow cavity or a hole formed by drilling 
as described above, it is well closed to the surrounding tissues due to the shape-recovery. As a result, the bioceramics 
powder exposed on the surface of the shape-memory material (8) or exposed therefrom due to hydrolysis contributes 
to the formation of the bone tissues on the surface of the shape-memory material (8) at a high reproducibility. Thus, the 
shape-memory material (8) can be attached and fixed to the bone within a short period of time. 
[01 1 9] As the bioceramics powder, the above-mentioned ones may be used. Among all. neither calcined nor sin- 
tered hydroxyapatite and tricalcium phosphate are highly useful therefor, since these bioceramics powders show excel- 
lent capability of inducing and forming bone tissues and have been employed in practice frequently. 
[01 20] In this embodiment, the original molded article (8a) and the shape-memory material for bone fixation (8) are 
both in the shape of round bars. When employed as. for example, a substitute of intermedually nails, however, these 
materials may be in the shape of square bars or appropriately curved ones. That is. they may have any sectional shape 
or curved form, so long as they are hollow and long bars. 

[0121] Fig 18 is a diagram which illustrates a shape-memory biodegradable and absorbable material for fixing a 
bone plate for fracture fixation(hereinafter referred to simply as "shape-memory material for fixing a bone plate) accord- 
ing to another embodiment of the present invention, while Fig. 19 is a diagram which illustrates how to use the above 
shape-memory material. 

[0122] This shape-memory material for fixing a bone plate (9) is obtained by cutting the above-mentioned shape- 
memory material for bone fixation (8) in the shape of round bars to give tapered pins wherein the diameter of one end 
is smaller than that of another end. When this shape-memory material (9) is reheated to the above-mentioned defor- 
mation temperature (Tf) or above, it is contracted lengthwise but enlarged breadthwise, as shown by the alternate long 
and short dash line. Thus it is recovered to the shape of short tapered pins having a large diameter. 
[0123] This shape-memory material (9) in the shape of tapered pines is usable as bone fixation pins as such. It is 
still preferable to use it in fixing a bone plate (1 07), as Fig. 1 9 shows. 1 

[0124] Plural holes (106b) having a diameter somewhat larger than that of the shape-memory material (9) are 
formed in a bone (106). Then the shape-memory material (9) in the form of a tapered pin is inserted into each hole 
(106b) while making the end with a larger diameter downward. Next, a bone plate (107) provided with holes (107a) as 
many as the above-mentioned holes (106b) is placed thereon and the top of each tapered pin of the shape-memory 
material (9) coming out from the surface of the bone (106) is put into each hole (107a) in the bone plate (107). After 
thus setting the bone plate (107), the shape-memory material (9) is brought into contact with a heat source such as hot 
water (physiological saline) at the deformation temperature (Tf) or above for the shape-recovery. Thus, the shape-mem- 
ory material (9) is close to both of the holes (106a) in the bone (106) and the holes (107a) in the bone plate (107) and, 
therefore, the bone plate (107) is fixed onto the surface of the bone (106). Next, a preheated iron (108) is pressed onto 
the top of each tapered pin of the shape-memory material (9) coming out from the surface of the bone plate (107) so 
that the top surface of the shape-memory material (9) and the surface of the bone plate have the same heights. Alter- 
natively, it is also effective that the pin top is preliminarily processed so as to memorize a shape ensuring the fixation of 
the plate (107). 

[0125] ft is still efficacious to add the above-mentioned bioceramics powders to the shape-memory material for fix- 
ing bone plate (9) to thereby accelerate the fixation of the plate and the bone (106). 

[0126] Fig. 20 is a diagram which illustrates a shape-memory material for bone fixation according to another 
embodiment of the present invention, while Fig. 21 is a diagram which illustrates how to use the above shape-memory 
material. 

[0127] This shape-memory material for bone fixation (10) prepared by cutting a cylindrical molded block (I0d) 
made of a lactic acid-based polymer into a molded article (10c) in the shape of a cylinder (10a) provided with two or 
more (eight in this embodiment) inclined arms (10b) projecting from the peripheries of both ends thereof, deforming this 
molded article (10c) at a temperature (TO higher than the glass transition temperature (Tg) thereof but lower than the 
crystallization temperature (Tc) thereof (or 100°C when the molded article has no crystallization temperature) so that 
each arm (10b) is bent inside at the base in parallel to the axis of the cylinder (10a) and then fixing said molded article 
to said shape by cooling it as such to a temperature lower than the glass transition terrperature. 
[0128] When this shape-memory material for bone fixation (10) is reheated to the above-mentioned deformation 
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temperature (Tf) or above, it is recovered the original molded article (10c) wherein each inclined arm (10b) projects 
outside. 



[0129] Th.s shape-memory material for bone fixation (10) is used as. for example, a substitute for conventional Her- 
bert screws or the like. As Fig. 21 shows, this shape-memory material (10) is inserted into holes (106c. 106c) which 
have been formed by drilling the faces of bone fragments (106. 106) to be fixed. Next, it is heated by hot water (physi- 
ological saline, etc.) to the above-mentioned deformation temperature (Tf) or above. Thus, the shape-memory material 
(10) is recovered to the original molded article (10c) wherein each inclined arm (10b) projects outside. Since the tips of 

each arm(10b)arefixedincontactwiththeinnerfacesofbothholes(106c. 106c). the bone sections (106 106) can be 
easily fixed together. ' 

> [0130] As Fig. 20 shows, it is preferable that in this shape-memory material for bone fixation (10). each arm (10b) 
is provided with a click extended outside. Owing to provision of such a click, the inner face of the hole (106c) can well 
hung up and thus the bone sections (1 06. 1 06) can be fixed together more tightly. 

[0131] It is also desirable to add to this shape-memory material for bone fixation (10) the above-mentioned biocer- 
amics powders so as to accelerate the fixation of the bone (106). 

[0132] Fig. 22 is a diagram which illustrates a shape-memory biodegradable and absorbable material for preventing 
bone cement or small pieces of bone in marrow cavity from leakage (hereinafter referred to simply as "shape-memory 
material for preventing bone cement in marrow cavity from leakage") according to another embodiment of the present 
invention, while Fig. 23 is a diagram which illustrates how to use the above shape-memory material. 
[0133] This shape-memory material for preventing bone cement in marrow cavity from leakage (1 1) prepared by 
cutting acylindrfcal molded block (1 1d) made of a lactic acid-based polymer to give a molded article (1 1 c) in the shape 
of a cylindrical plug (1 la) having a hemispherical bottom and provided with two or more (four in this embodiment) petal- 
like inclined projections (1 1b) extended from the periphery of the upper face thereof, then bending and deforming this 
molded article (1 1c) at a temperature higher than the glass transition temperature (Tg) thereof but lower than the crys- 
tal ization temperature (T c) thereof (or 100»C when the molded article has no crystallization temperature) so that each 
petaWke projection (11b) is bent inside at the base in parallel to the axis of the cylinder (1 1a) and then fixing said 
rrolded article to said shape by cooling it as such to a temperature lower than the glass transition temperature. 
[01 34] When this shape-memory material for bone fixation (1 1) is reheated to the above-mentioned deformation 
emperature (Tf) or above, it is quickly recovered to the original molded article (1 1c) wherein each petal-like projection 
(1 1b) is inclined outside. As Fig. 23 shows, this shape-memory material for preventing bone cement in marrow cavity 
from leakage (1 1) is inserted into the marrow cavity (106a) of a bone (106) and then reheated by hot water (physiolog- 
ical saline, etc.) to the above-mentioned deformation temperature (TO or above. Thus, the shape-memory material (11) 
is recovered to the original molded article (1 1c) wherein each petal-like projection (1 1b) is inclined outside Thus the 
tip of each petal-like projection (1 1b) is fixed in contact with the inner face of the marrow cavity (106a) 
I™* 5 ] Af,er ^ shape-memory material (1 1) is recovered to the original shape and fixed in the marrow cavity 
(106a). a bone cement (108) is poured from the top of the marrow cavity (106a). Thus, the bone cement (108) is pre- 
vented from flowing out downward by each petal-like projection (11b). When an artificial joint stem (not shown) is 

f?'T° the marrow **** (106a) filled with toe bone cement (108). the stem can be surely fixed by the bone 
cement (108). 

[0136] It is also desirable to add to this shape-memory material for preventing bone cement in marrow cavity from 
leakage (1 1) the above-mentioned bioceramics powders so as to accelerate the fixation of the bone (106). It is also 
desirable to form a click projecting outside on the tip of each petal-like projection (1 1b) so that the inner face of the mar- 
row cavity (1 06a) can well hung up. 

[01 37] The size of each part of the original molded article (1 1c) may be appropriately determined depending on the 
size of the marrow cavity into which it is to be inserted. 

[01 38] Fig. 24 is a diagram which illustrates a shape-memory biodegradable and absorbable material for preventing 
vascular reconstnction (hereinafter referred to as "shape-memory material for preventing vascular reconstriction") 
according to another embodiment of the present invention, while Fig. 25 is a diagram which illustrates how to use the 
above shape-memory material. 

f ^ 13 ? l /,o J* 1 ' 5 sha P e - memor y material for preventing vascular reconstriction (12) is prepared by deforming a molded 
article (12a) made of a lactic acid-based polymer in the shape of a perforated cylinder with a number of pores (12b) into 
another moWed article in the shape of a folded cylinder at a temperature higher than the glass transition temperature 
(Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 100°C when the molded article has no crys- 
tall.zat.on temperature) and then fixing said molded article to said shape by cooling it as such to a temperature lower 
than the glass transition temperature. 

f 01 15 ^ Wh6n th ' S shape ' memory mater 'a' *» preventing vascular reconstriction (1 2) is reheated to the above-men- 
honed deformation temperature (Tf) or above, it is recovered to the original molded article (12a) in the shape of a per- 
forated cylinder. Thus, this shape-memory material for preventing vascular reconstriction (12) is usable as a substitute 
tor a conventional stent for preventing vascular reconstriction. As Fig. 25 shows, the shape-memory material (12) is 
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inserted into a Wood vessel (110) such as the coronary artery and then reheated by hot water (physiological saline, etc.) 
to the above-mentioned deformation temperature (Tf) or above. Thus, the shape-memory material (12) is recovered to 
the original cylindrical molded article (12a) and extend the inner space of the blood vessel (1 10), thus preventing vas- 
cular reconstriction. 

[0141] It is also possible that the shape-memory material (12) for preventing vascular reconstriction contains a vas- 
cular reconstriction inhibitor which is released at a constant rate from the shape-memory material when it is fixed in the 
blood vessel (1 10) as described above. When this shape-memory material (12) contains a drug, it is preferable to pre- 
pare the original perforated molded article (12a) in the shape of a cylinder by the following method. This is because, 
when the molded article (12a) is prepared by melt-extrusion molding, etc.. there arises a serious fear that the drug 
might be deteriorated at the high molding temperature. 

[0142] That is to say, a lactic acid-based polymer and a drug are dissolved in a solvent to give a polymer solution. 
Then, the obtained solution is sprayed onto a core (109) and the solvent is vaporized to thereby form a thick cylindrical 
film around the core (109). Next, a number of holes (12b) are formed on this cylindrical film and then the core is taken 
off to thereby give a molded article (12a) in the shape of a perforated cylinder. 

[0143] In this case, a foamed molded article in the shape of a perforated cylinder of an open cell structure can be 
obtained by dissolving the lactic acid-based polymer and the drug in a mixture of a solvent in which the lactic acid-based 
polymer is soluble and a non-solvent having a boiling point higher than that of the solvent. When a shape-memory 
material for preventing vascular reconstriction obtained by bending such a foamed molded article in the shape of a per- 
forated cylinder is fixed in a Wood vessel via shape-recovery, there are achieved advantages that hydrolysis proceeds 
quickly and thus the drug can be released at an increased amount. This is because the foamed molded article has a 
much larger surface area than non-foamed ones. 

[0144] In this embodiment, the shape-memory material for preventing vascular reconstriction (12) is obtained by 
bend-deforming the original molded article (12a) in the shape of a perforated cylinder. Alternatively, it is also possiWe 
to subject a net or mesh cylinder to bend-deforming in the same manner. Moreover, it is also possiWe to produce shape- 
memory materials for preventing vascular reconstriction by preparing an original molded article in the shape of a large 
diameter coil (helix) and deforming by constriction (tensile) it into a small diameter coil (helix). It is also possible to pro- 
duce a shape-memory material for preventing vascular reconstriction by preparing an original molded article in the 
shape of a coil (helix) and then deforming into the shape of yarns by extension. These materials in the shape of small 
diameter coils or yarns have an advantage that it can be easily inserted into blood vessels. 

[0145] Figs. 26 and 27 are diagrams which illustrate each a hemisphere cup shape-memory biodegradable and 
absorbable material relating to a liner located between an artificial hip joint outer head and an acetabular bone (here- 
inafter referred to as "hemisphere cup shape-memory material for an artificial hip joint") according to another embodi- 
ment of the present invention, while Fig. 28 is a diagram which illustrates how to use the above shape-memory material. 
[01 46] This hemisphere cup shape-memory material for an artificial hip joint (1 3) is a molded article made of a lactic 
acid-based polymer preferaWy containing a bioceramics powder. As Fig. 26 shows, the hemisphere cup shape-memory 
material (1 3a), which has the same shape, though smaller, as that of the outer head (1 1 1a) of an artificial hip joint (111), 
is put on a hemisphere mold larger than the outer head (111a) and then heated to a temperature (Tf) higher than the 
glass transition temperature (Tg) thereof but lower than the crystallization temperature (Tc) thereof (or 100°C when the 
molded article has no crystallization temperature) to thereby enlarge and deform, followed by fixing said molded article 
to said shape by cooling it as such to a temperature lower than the glass transition temperature. 
[0147] When this hemisphere cup shape-memory material (13) is reheated to the deformation temperature (Tf) or 
above, it is recovered to the original hemisphere cup molded article (13a) with a smaller size. As Fig. 27 shows, when 
this hemisphere cup shape-memory material (13) is put on the outer head (111a) and reheated by bringing it into con- 
tact with hot water (physiological saline) at the deformation temperature (Tf) or above, this shape-memory material (13) 
tries to recover the original hemisphere molded material (13a) with a smaller size than the outer head (111a). As a 
result, it is tightly fixed and closed to the outer head (111a). 

[0148] As Fig. 28 shows, this hemisphere cup shape-memory material (13) is employed as a spacer for filling up 
the space between the outer head (111a) and an acetabular bone (1 1 1b). Thus, it is preferably a porous hemisphere 
cup shape-memory material (13). This porous hemisphere cup shape-memory material (13) can be obtained by dis- 
solving a lactic acid-based polymer in a mixture of a solvent in which the lactic acid-based polymer is soluble and a non- 
solvent having a boiling point higher than that of the solvent, then applying or spraying the obtained solution onto a hem- 
isphere material, and volatilizing the solvent to give a hemisphere cup porous molded article (13a). Next, this hemi- 
sphere cup porous molded article (13a) is enlarged by putting on a hemisphere mold larger than the outer head (111a) 
under the temperature condition as specified above to give a porous hemisphere cup shape-memory material (13). 
[0149] When this porous hemisphere cup shape-memory material (13) is reheated, it is recovered to the original 
porous hemisphere cup molded article ( 1 3a) and thus can be tightly fixed and closed to the outer head (111a), similar 
to the above case. 

[0150] In Fig. 28, the numerical symbol 14 means a porous and cylindrical shape-memory biodegradable and 
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absorbable material prepared by coaling an artificial hip joint stem (14a) with the shape-memory material. The porous 
and cylindrical shape-memory material (14) is formed by the same method as the one employed for preparing the 
shape-memory material for vascular anastomosis as shown in Fig.1. Then it is inserted into the stem (14a) and 
reheated to give the original cylindrical shape-memory material with a small diameter. Thus, it can be closed to the arti- 
5 f icial hip joint stem (14a). 

[01 51 ] There are a great variety of artificial hip joints with various bead sizes, surface conditions and forms, as well 
as stems. By using the coating method as the one employed in the present invention, the shape-memory materials can 
be commonly applied to various parts (heads, stems, etc.) which correspond to the recovery ratios obtained by heating 
during the surgical operation. The present invention is also efficaciously applicable to knee joints, etc. 

10 [0152] By adding a biologically active biocerarrrics powder to the outer head, a bone conduction function can be 
imparted. It is also possible to add a cytokine capable of inducing bone formation. Thus, it is expected that not only the 
acetabular bone would be attached to the metallic outer cup having been surface-treated with hydroxyapatite via the 
porous hemisphere cup shape-memory material but also the postoperative migration (sinking) in the acetabular bone 
side can be prevented. These phenomena would corrtrbute to the design of novel artificial joints in future. 

is [0153] Thus, the practical uses of the present invention have been described above in detail. However, it is need- 
less to say that the present invention has various uses other than those cited above which are also involved in the scope 
of the present invention without departing from the spirit of the invention. 

[0154] To further illustrate the present invention in greater detail, the following Examples will be given. 
20 [Example 1] 



[0155] DL-Lactide was subjected to ring-opening polymerization to give poly-D.L-Jactic acids (PDLLA) having vis- 
cosity-average molecular weights of 400,000, 250,000, 150,000, 100,000 and 70,000. These PDLLA were press- 
molded at 160°C and 100 kg/em 2 and thus 5 molded PDLLA articles in the shape of round bars (diameter = 10.0 mm, 
25 length = 20 mm) were obtained. The glass transition temperatures of these molded articles all fell within the range of 
from 50 to 56°C. 

[01 561 Next, these molded articles were each heated to 60°C and deformed into molded articles in the shape of thin 
and round bars (diameter = 5.8 mm, length = 60 mm) by compression molding. Then the resultant molded articles were 
fixed to the shape by cooling as such at ordinary temperature to give 5 shape-memory biodegradable and absorbable 

30 materials with the memory of the original shape of the round bars. The sectional area and length of a shape-memory 
material were referred respectively to and L-j while the sectional area and length of the original molded article prior 
to the plastic deformation were referred respectively to S 0 and Lq. Then each shape-memory material showed a defor- 
mation ratio of sectional area R s = S 0 /S 1 = 3.0 and a deformation ratio of length R L = L 0 /L 1 = 3.0 . 
[0157] Subsequently, these shape-memory materials were each immersed in physiological saline at 65°C and thus 

35 recovered to the original shape. After the recovery, the sectional area S2 and length Lg were determined. Thus the 
recovery ratio of sectional area [S^Sq) x 100](%) and the recovery ratio of length [(L 2 ILq) x 100] (%) were determined. 
Table 1 summarizes the results. 



40 [Table 1] 



PDLLA viscosity-aver- 
age m.w. (x10 4 ) 


Degree of deformation 
[Rs = R J 


Sectional area recovery 
ratio [%] 


Length recovery ratio [%] 


40 


3.0 


97.3 


96.7 


25 


3.0 


97.3 


97.3 


15 


3.0 


97.7 


98.0 


10 


3.0 


98.7 


98.8 


7 


3.0 


99.5 


99.5 



[01 58] Each of the shape-memory materials with various molecular weights was immediately recovered to the orig- 
inal shape by immersing in physiological saline at 65°C and showed a high recovery ratio of sectional area and a high 
recovery ratio of length of 96.7 % or above. Thus, it was confirmed that each shape-memory material was almost com- 
55 pletely recovered to the original (undeformed) shape of round bars. 

[0159] The shape recovery ratios somewhat depended on molecular weight. This is seemingly because the fluidity 
of PDLLA was lowered with an increase in molecular weight and thus the internal strain was memorized at the plastic 
deformation of the original molded articles. However, it was considered that these shape-memory materials could sub- 
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stantially completely recovered to the original shape of round bars. 

[0160] It is well known that PDLLA obtained by ring-opening polymerization, which are amorphous polymers are 
hydrolyzed more quickly in vivo than poly-L-lactic acids (PLLA) which are crystalline polymers. Molded articles of 
PDLLA are inferior in strength to PLLA having a nigh strength with orientated molecular chains (crystalline axes). When 
processed by orientation, etc. . PDLLA sometimes undergoes orientation of the amorphous phase and the partially crys- 
talline phase, which results in a somewhat increase in its strength. This phenomenon largely depends on the ratio of 
the D-isomer to the L-.somer (one of them is used in a higher content), the type of the copolymer, the ratio of the mon- 
omers and molecular weight. 

[0161] The necessary strength, the time of sustaining the same, the absorption rate. etc. of a shape-memory mate- 
rial can be altered by varying these factors. Also, the degradation rate can be regulated by controlling the contents of 
the lactde monomers in the polymer. 



15 



20 



25 



[Example 2] 

[0162] D-Lactide and L-lactkJe were polymerized at a weight ratio of 25 : 75. 40 : 60 and 50 : 50 to give 3 PDLLA 
having a viscosity-average molecular weight of 150.000. These PDLLA were press-molded at 160°C and 100 kg/cm 2 
and thus 3 molded PDLLA articles in the shape of round bars (diameter = 10.0 mm. length = 10 mm) were obtained 
The glass transition temperatures of these molded articles all fell within the range of from 50 to 60°C. 
[01 63] Next, these molded articles were each heated to 6S°C and deformed into molded articles in the shape of thin 
and round bars (diameter - 5 mm. length = 40 mm) by plastic compression. Then the resultant molded articles were 
fixed to the shape by cooling as such at ordinary temperature to give 3 shape-memory materials (deformation ratio: R s 
= r l = 4.0) with the memory of the original shape of the round bare. 

[0164] Subsequently, these shape-memory materials were each immersed in physiological saline at 70°C i e 
higher than the one employed in Example 1. After the shape-recovery, the recovery ratios (the recovery ratio of sec- 
tional area and the recovery ratio of length) were determined. Table 2 summarizes the results 
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[Table 2] 



D-Lactide/L-lactide 


Degree of deformation 
[R S =RJ 


Sectional area recovery 
ratio [%] 


Length recovery ratio [%] 


25/75 


4.0 


95.5 


94.5 


40/60 


4.0 


96.0 


95.3 


50/50 


4.0 


97.7 


98.0 



[0165] Each of the shape-memory materials was immediately recovered to the original shape by immersing in 
physiological saline at 70»C. The shape-recovery ratios depended on the ratio of D-lactide to L-lactide at the polymeri- 
zation. It was clarified that the sample with the equivalent ratio showed high recovery ratios, i.e.. it could be easily recov- 
ered to the original (undeformed) shape. The reason therefor is seemingly as follows. In a PDDL containing either D- 
^ctide or L-lact.de at a larger ratio, the polymer-constituting molecular chain had parts with consecutive L-lactic acid or 
D-iactic acid molecules and thus the polymer was slightly crystallized due to the formation of hydrogen bonds in its 
molecular chain, which caused somewhat decrease in the recovery ratios at 70°C. 

is [Example 3] 
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55 



[0166] D.L-lactic acid/glycolic acid copolymer (D.L-lactic acid; glycolic acid= 97.5 : 2.5) having a viscosity-average 
molecular weight of 200.000 was press-molded at 180»C and 100 kg/cm 2 to give a molded article in the shape of a 
™£t (d,ameter = 13 0 mm ' Len 9 ,h = 30 "*")• 1116 9<ass transition temperature of this molded article was 51°C 
[01 67] Next, this molded article was heated to 65<>C and deformed into another molded article in the shape of a thin 
and round bar (diameter = 7.5 mm. length = 90 mm) by plastic compression. Then the resultant molded article was fixed 
to the shape by cooling as such to give a shape-memory material (deformation ratio: R s = R,= 3.0) with the memory 
of the original shape of the round bar. 

[01 68] Subsequently, this shape-memory material was immersed in physiological saline at 67°C. After the shape- 
recovery, the recovery ratios (sectional area and length) were determined. Table 3 shows the results. 
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[Table 3] 



75 



20 



25 





Degree of deformation 
[Rs=RJ 


Sectional area recovery 
ratio [%] 


Length recovery ratio [%] 


P(DLLA-GA) 90/10 


3.0 


99.0 


98.0 



[0169J This shape-memory material was immediately recovered to the original shape by immersing in physiological 
io saline at 67°C and showed a high recovery ratio of sectional area and a high recovery ratio of length of 98 % or above. 
Thus, it was almost completely recovered, to the original (undeformed) shape of round bars. 

[Example 4] 



[0170] PLLA having a viscosity-average molecular weight of 100,000 was mixed with PDLLA obtained by ring- 
opening polymerization of D.L-lactide and having a viscosrty^average molecular weight of 100.000 at a weight ratio of 
70 : 30. The granules thus obtained were press-molded at 1 85°C and 100 kg/cm 2 to give a molded article in the shape 
of a round bar (diameter = 10 mm. length = 20 mm). The apparent glass transition temperature of this molded article 
was about 60°C. 

[01 71] Next, this molded article was heated to 85°C and deformed into another molded article in the shape of a thin 
and round bar (diameter = 6.3 mm. length = 50 mm) by plastic compression. Then the resultant molded article was fixed 
to the shape by cooling as such to give a shape-memory material (deformation ratio: R s = R,_ = 2.5) with the memory 
of the original shape or the round bar. 

[0172] Subsequently, this shape-memory material was immersed in physiological saline at 85°C. After the shape- 
recovery, the recovery ratios (sectional area and length) were determined. Table 4 shows the results. 



[Table 4] 
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Degree of deformation 
[Rs= RJ 


Sectional area recovery 
ratio [%] 


Length recovery ratio {%] 


PLLA/PDLLA 70/30 


2.5 


94.8 


98.0 



[01 73] This shape-memory material was immediately recovered to the original shape by immersing in physiological 
saline at 85°C. Although the recovery ratios were somewhat Iowa- than those of the PDLLA of a viscosity-average 
molecular weight of 100,000 in Example 1. it was almost completely recovered to the original (undeformed) shape of 
round bars. It was considered that the PLLA moiety in the shape-memory material was slightly crystallized due to the 
orientation at the plastic deformation in the step of the secondary deformation and thus the recovery ratios were some- 
what lower than those of the former one. 

[Example 5] 

[0174] PDLLA obtained by polymerizing D-lactide and L-lactide at a weight ratio of 50 : 50 and having a viscosity- 
average molecular weight of 1 50.000 (the one employed in Example 2) was dissolved in dichloromethane. Then neither 
calcined nor sintered hydroxyapatite (u-HA)was added to the solution. Subsequently, ethyl alcohol was added thereto 
under stirring to thereby co-precipitate PDLLA and u-HA. Next, the precipitate was taken up by filtration and completely 
dried to give two types of PDLLA granules wherein u-HA was uniformly dispersed at a ratio of 40 % by weight or 50 % 
by weight. 

[0175] These granules were press-molded under the same conditions as those employed in Example 2 to give 2 
molded articles in the shape of round bars (diameter = 10 mm. length = 10 mm). Next these molded articles were 
heated to 70°C and deformed into molded articles (deformation ratio: R s = R L = 2.8) in the shape of thin and round bars 
(diameter = 6.0 mm, length = 28 mm) by plastic compression. Then the resultant molded articles were fixed to the 
shape by cooling as such. Next, these molded articles were cut into tapered shape-memory pins (shape-memory mate- 
rials) of two types (diameter at one end = 1 .2 mm. diameter at another end = 1 .5 mm. length = 25 mm). These tapered 
pins were immersed in physiological saline at 70°C and the shape-recovery ratios (sectional area at one end. sectional 
area at another end, length) were determined. Table 5 summarizes the results. 
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Tables] 



5 




Degree of deforma- 
tion [R s = R J 


Sectional area 
recovery ratio at one 
end[%] 


Sectional area recov- 
ery ratio at another 
end[%] 


Length recovery ratio 
[%] 




u-HA/PDLLA = 40/60 
(wt.%) 


2.8 


96.1 


96.1 


98.2 


10 


U-HA/PDLLA =50/50 
(wt.%) 


2.8 


93.2 


92.9 


95.7 



15 



SO 



55 



fl . toPer***- shape-memory pin was recovered to the original shape ot the thick and short tapered pin 
immediately after immersing in physiological saline at 70°C. It showed high shape-recovery ratios (about 93% or above 
in each of the sectional area at one end. sectional area at another end. and length). Thus, it was proved that a shape- 
memory material can be obtained from a composition of a bioceramics powder with PDLLA 

ESn, A NeXt 'Jl WaS _ a , ttempted to USe ****** shape-memory pins made of the composite having an u- 
HA/PDDLA weight ratio of 50/50 as pins for fixing a bone plate. 

20 f 01 !*?, R9 19 ShOWS ' 4 holes < 106b > tevin 9 a ^meter of 2.0 mm were formed in a white rabbit thigh bone (106) 

jl^'r.Vl!!? 60 ' 318 of5mmona line Then the tapered, shape-memory pins (9) made of the composition of u- 
HA/PDLLA (50/50 by weight) were inserted respectively into the holes (9b) while making the end with a larger diameter 
downward. Next, a bone fixation plate (107) made of the composite of u-HA/PDLLA (50/50 by weight) and provided with 
4 holes having a d.ameter of 2.2 mm at intervals of 5 mm on a line is placed thereon and the top of each tapered shape- 
memory p,n (9) coming out from the surface of the bone (106) is put into each hole (107a) in the bone plate (107). After 
thus setting the bone plate (107). physiological saline at 70°C was poured onto the tapered, shape-memory pins (9) to 
thereby recover the pins to the original shape Thus, the plate (107) was fixed onto the surface of the thigh bone (106) 
^?:^J. r0n . ( l° 8 ,ln^ heated '° 15 °° C W3S pressed onto * e *°P of each tapered pin (9) coming out from the surface 
tightly tOP 01 Pin and the SUfface ° f me bone plate flat Thus - *» P ,ate 0 07) was fixed 

If 1 ? u Subsec ' l,ent, y- an attempt was made to detach the plate fixed onto the thigh bone. i.e.. a detaching test First 
the thigh bone onto which the plate had been fixed was placed on a multi-purpose test machine. Then the fixed plate 
was fastened with a specific fastener and a stress was applied thereon in the direction of drawing the plate. As a result 
the plate was not separated from the pins but the plate were broken. 

[0180] Thus, it was proved that these tapered, shape-memory pins made it possible to easily and surely fix bone 

P ^!l!° ^° n6S ' n V,VO - This 15006 ffacation method is hi 9 hlv convenient, compared with the conventional bone fixation 
method wherein a plate is fixed to a bone fracture site with screws. 

[Example 6] 

l V?JuL~ 1 DLLA havi "| 3 viscosit y-average molecular weight of 250.000 employed in Example 1 was press-molded 
at 160°C and 100 kg/cm 2 to give a molded article in the shape of a round bar (diameter = 15 mm. length = 50 mm) 
Next as shown in Fig. 22. this molded article was cut into a molded article (11c) in the shape of a cylindrical plug (11a) 
£££ pela| - ,ike inclined Projections (1 1b) extended outside from the periphery of the upper face thereof. 

! fAux m ° lded artiC,e 0 1c) was immersed in Physiological saline at 60°C so that each petal-like projec- 

ts (11b) was bent ms.de at the base in parallel to the axis of the cylinder (1 1a) followed by fixing said molded article 
ilu , fff b L COO,,n9 rt as such to 0^ a shape-memory material for preventing bone cement in marrow cavity from 
leakage (1 1) with the memory of the original (undeformed) shape of the molded article (11c). 

[0183] This shape-memory material (1 1 ) was inserted into the marrow cavity of a white rabbit thigh bone and phys- 
iological saline at 60°C was poured onto the shape-memory material (1 1). Thus each petal-like projection (1 1b) of the 
shape-memory material (11) was recovered to the original (opened-out) shape and thus the shape-memory material 
(1 1) was fixed in the manow cavity. 

[0184] Subsequently, a bone cement (108) was poured into the marrow cavity which was placed vertically so that 
the Plug was located at the bottom while the cement was located at the top. After hardening the cement, the thigh bone 
was vertically opened out to confirm the leakage of the cement from the marrow cavity. As a result, it was proved that 
the bone cement had been hardened in the marrow cavity above the shape-memory material (11) and no leakage 
occurred. The shape-memory material for preventing bone cement in marrow cavity from leakage (11) was tightly fixed 
in the marrow cavity. 
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[Example 7] 



[0185] A copolymer obtained by polymerizing L-lactide and D, L-lactide at a weight ratio of 95 : 5 and having a vis- 
cosity-average molecular weight of 150,000 was subjected to co-precipitation with neither calcined nor sintered 
hydroxyapatite (u-HA) in the same manner as the one described in Example 6. After drying, copolymer granules 
wherein u-HA was uniformly dispersed at a ratio of 40 % by weight was obtained. 

[0186] These granules were press-molded at 185°C and 100 kg/cm 2 into a molded article in the shape of a round 
bar (diameter = 10 mm, length = 40 mm). This molded article had an apparent glass transition temperature of 62°C. 
[0187] Next, this molded article was cut into a molded article (1 0c) (L: 35 mm, d : 3 mm. D : 5 mm) as shown in Fig. 
20. Then this molded article (1 0c) was heated to 85°C so that each arm (1 0b) was bent inside at the base in parallel to 
the axis of the cylinder (10a) followed by fixing said molded article to said shape to give a shape-memory material for 
bone fixation (10) with the memory of the original shape of the molded article (10c). 

[0188] Next, a white rabbit tibia was halved to give two bone fragments. Then holes (diameter : 4 mm, depth 1 8 mm) 
was formed on the incised faces of both bone fragments and the shape-memory material for bone fixation (10) was 
inserted into these holes to thereby fix the bone fragments together. Then physiological saline at 85° C was poured ther- 
eon and thus the shape-memory material for bone fixation (10) was recovered to the original shape. Thus, the bone 
fragments were tightly fixed together. Although a stress was applied onto the fixed bone sections in the direction of 
drawing out the bone fragments were tightly fixed together and the shape-memory material for bone fixation (10) did 
not fall out. 

[0189] Thus, it was proved that the shape-memory material for bone fixation (10) could sufficiently fix bone sec- 
tions. 



[Example 8] 



[0190] Poly-D.L-Jactic acid (glass transition temperature: 51°C) obtained by ring-opening polymerization of DL-lac- 
tide and having a viscosity-average molecular weight of 100,000 was extrusion-molded at 180°C into small diameter 
pipes (inner diameter = 1 mm. outer diameter = 5 mm). After cooling, these pipes were sliced to give a molded article 
in the shape of small diameter rings [inner diameter = 1 mm. outer diameter = 5 mm. length (width) = 2 mm]. Next, these 
rings were enlarged and deformed in an atmosphere at 60°C into large diameter rings [inner diameter = 10 mm. outer 
diameter =11.5 mm, length (width)= 1 .5 mm] and then fixed to this shape by cooling to give a shape-memory material 
with the memory of the original shape of small diameter rings. 

[0191] When this shape-memory material was immersed in hot water at 70°C, it was immediately recovered to the 
original shape of small diameter rings in inner diameter, outer diameter and length (width). 

[Example 9] 



[01 92] Poly-D.L-lactic acid (glass transition temperature: 50°C) obtained by ring-opening polymerization of DL-lac- 
tide and having a viscosity-average molecular weight of 70,000 was extrusion-molded at 180°C into small diameter 
pipes (inner diameter = 0.5 mm, outer diameter = 3.2 mm). After cooling, these pipes were sliced to give a molded arti- 
cle in the shape of small diameter rings [inner diameter = 0.5 mm, outer diameter = 35 mm, length (width) = 1 .0 mm]. 
Next, these rings were enlarged and deformed in art atmosphere at 55°C into large diameter rings [inner diameter = 5.0 
mm, outer diameter = 6. 1 mm, length (width) = 0.8 mm] and then fixed to this shape by cooling to give a shape-memory 
material for vascular ligation with the memory of the original shape of small diameter rings. 

[0193] This ring for vascular ligation was put into an end of an incised abdominal blood vessel (diameter: about 1 
mm) of a white rabbit and then physiological saline at 60°C was sprayed thereonto. Thus, the ring for vascular ligation 
was immediately recovered to the original shape of a small diameter ring and ligated the Wood vessel, thus completely 
stanching. Just to make sure, the shape-recovered ring was flattened with a pair of pliers heated to 80°C so as to com- 
pletely seal the blood vessel. After 12 weeks, the rabbit was sacrificed and the blood vessel was examined. As a result, 
the ring almost disappeared but the blood vessel was sealed and the stanching effect was maintained. 

[Example 10] 



[0194] Poly-D.L-lactic acid (glass transition temperature: 52°C) obtained by ring-opening polymerization of D-lac- 
tide and L-lactide (50 : 50. by weight) and having a viscosity-average molecular weight of 150.000 was extrusion- 
molded at 180°C into small diameter pipes (inner diameter = 3 mm. outer diameter = 5 mm). After cooling, these pipes 
were sliced to give a molded article in the shape of small diameter rings [inner diameter = 3 mm, outer diameter = 5 
mm. length (width) = 1 mm]. Next, these rings were enlarged and deformed in an atmosphere at 60°C into large diam- 
eter rings [inner diameter = 15 mm, outer diameter = 1 5.7 mm, length (width) = 0.7 mm]. Then these rings were opened- 
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out so as to match with a suture needle to give a hook. Then these opened -out rings were fixed to this shape by cooling 
to thereby give a shape-memory material for suture having a hook (71) as shown in Fig. 12. 

[01951 Then, the hook of this shape-memory material for suture (7) was provided with a suture needle with which 
an incised site (104) of a white rabbit was sewed in several stitches. Thus the incised site (1 04) was sewed up at several 
points with the shape-memory material for suture (7), as Fig. 1 3 shows. Next, physiological saline at 65°C was sprayed 
onto the shape-memory material for suture (7). Thus, the shape-memory material for suture (7) at each point was 
immediately recovered to the original shape of the opened-out. small diameter ring and thus the incised site ( 1 04) could 
be tightly sewed up. 

[Example 11] 

[0196] Poly-D.L-lactic acid (glass transition temperature: 54°C) obtained by ring-opening polymerization of DL-lac- 
tide and having a viscosity-average molecular weight of 250,000 was dissolved in dichloromethane. Then the obtained 
solution was applied around a square bar (length = 0.5 mm, width = 2 mm, height = 50 mm) made of polyethylene and 
then dichloromethane was vaporized to give a molded article in the shape of a flat and square bar (height = 20 mm, 
thickness = 0.75 mm, inner length = 0.5 mm, width = 2 mm). 

[0197] This molded article was stretched in an atmosphere at 80°C into a flat and square shape of 40 mm in height 
and then fixed to this shape by cooling. Further, it was enlarged and deformed in an atmosphere at 60°C into a flat and 
square pipe with a large sectional area (height = 40 mm, thickness = 0.1 mm, inner length = 5 mm, width = 10 mm) and 
then fixed to this shape by cooling to give a shape-memory material for tendon fixation with the memory of the original 
shape of square pipe. 

[0198] Into the both openings of this shape-memory material, incised tendon sections of a white rabbit foot were 
inserted. Then physiological saline at 60°C was sprayed thereonto. Thus, the shape-memory material was immediately 
recovered to the shape of a flat and square pipe with a small sectional area (inner length = 0.5 mm. width = 2 mm). 
Thus, the incised tendon ends were held tightly all around thereby. Moreover, physiological saline at 80°C was sprayed 
thereonto. Then, the shape-memory material was recovered to the original shape of a short and square pipe of 20 mm 
in height and thus the incised tendon ends could come into contact closely with each other and fixed. 

[Example 12] 

[0199] 100 parts by weight of poly-D.L-lactic acid (glass transition temperature: 50°C) obtained by ring-opening 
polymerization of DL-lactide and having a viscosity-average molecular weight of 70.000 and 150 parts by weight of a 
vascular reconstriction inhtoitor tranilast were dissolved in chloroform to give a solution with a solid content of 3 % by 
weight. Then, this solution was sprayed onto a round bar made of polyethylene (diameter = 5.0 mm) at a discharge 
pressure of 8.0 kgf/cm 2 . After vaporizing chloroform, a cylindrical film of 0.3 mm in thickness was formed. Then this 
cylindrical film was cut into a piece of 15 mm in length and a number of pores (diameter = 1 .5 mm) were formed on the 
surface of the film. After taking out the round bar, a perforated molded article (12a) was obtained as shown in Fig. 24. 
This product weighed 36 mg and contained 21 .6 mg of the drug enclosed therein. 

[0200] As Fig. 24 shows, this perforated cylindrical molded article was folded in flat and wound up to give a pipe 
(outer diameter: about 1 .0 mm) and deformed. Then it was fixed to the shape by quenching to give a wound-up stent 
(shape-memory material) for preventing vascular reconstriction (12) with the memory of the original shape of perforated 
cylinder. 

[0201] Next, the following test was performed in vitro to confirm the shape-memory function of this stent and to 
measure the drug releasing rate. 

[0202] The stent was inserted into a silicone tube of 4.0 mm in inner diameter and hot water at 60°C was passed 
therethrough. With an increase in temperature, the stent was enlarged and recovered to the original cylindrical shape 
and thus fixed while lining the inner face of the tube due to the pressure applied on the inner wall. Then, H was immersed 
in a 0.2 M phosphate buffer (pH 7.4) at 37°C and the amount of tranilast released into the buffer with the degradation 
of the poly-D.L-Jactic acid was determined at constant intervals. As Fig. 29 shows, the drug was released at a constant 
rate over 1 2 weeks and it was confirmed that 68 % of the tranilast enclosed at the initiation of the test was released dur- 
ing this period. It was also confirmed that a small amount of the poly-D.L-lactic acid still remained. 
[0203] As described above, it is found out that the shape-memory, biodegradable and absorbable stent can exert 
excellent functions as a DDS base. 

[0204] As the above description clearly indicates, when reheated to deformation temperatures, the shape-memory 
biodegradable and absorbable materials of the present invention make it possible to easily and surely treat vital tissues 
by ligation, anastomosis, suture, fixation, prevention of vascular reconstriction, etc., i.e., performing treatments of, for 
example, ligation and anastomosis of incised blood vessels (stanching), suture of incised sites, fixation of incised ten- 
dons, bone fixation and prevention of vascular reconstriction. Since these shape-memory materials can be recovered 
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to the original shape by reheating at relatively low temperatures, there is no fear of burn. Moreover, these shape-mem- 
ory materials never induce halation in MRI or CT and never remain but are degraded and absorbed in vivo, thus achiev- 
ing favorable effects. 

[0205] These shape-memory biodegradable and absorbable materials containing bioceramics powders can 
strongly bind to bone and fix the same in wvo, while those containing drugs can release the drugs at a constant rate 
and thus serve as DDS bases. 

[0206] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

[0207] This application is based on Japanese patent application No. Hei.-9-139339, filed on May 13, 1997, and 
incorporated herein by reference. 



Claims 



1 . A shape-memory biodegradable and absorbable material which comprises a molded article of a lactic acid-based 
polymer, wherein said material can be recovered to the original shape without applying any external force thereto 
but by heating to a definite temperature or above. 

2. A shape-memory biodegradable and absorbable material which comprises a biodegradable and absorbable mate- 
rial prepared by deforming a molded article of a lactic acid-based polymer and having a definite shape into another 
molded article having another shape at a temperature higher than the glass transition temperature thereof but 
lower than the crystallization temperature thereof (or 100°C when the molded article has no crystallization temper- 
ature) and then fixing said molded article to the thus deformed shape by cooling ft as such to a temperature lower 
than the glass transition temperature, wherein said molded article can be recovered to the former molded article of 
the original shape by heating it again to said deformation temperature or above. 

3. A shape-memory biodegradable and absorbable material which comprises a biodegradable and absorbable mate- 
rial prepared by deforming a molded article of a lactic acid-based polymer and having a definite shape into another 
molded article having another shape at a temperature higher than the glass transition temperature thereof but 
lower than the crystallization temperature thereof (or 100°C when the molded article has no crystallization temper- 
ature), then fixing said molded article to the thus deformed shape by cooling it as such to a temperature lower than 
the glass transition temperature, further deforming said molded article into another molded article having another 
shape at a temperature higher than the glass transition temperature but lower than said deformation temperature 
and fixing said molded article to the thus deformed shape by cooling it as such to a temperature lower than the 
glass transition temperature, wherein said molded article can be recovered to the first molded article of the original 
shape by heating it again to the first deformation temperature or above. 

4. A shape-memory biodegradable and absorbable material which comprises a biodegradable and absorbable mate- 
rial prepared by deforming a porous molded article of a lactic acid-based polymer and having a definite shape into 
a substantially non-porous molded article having another shape at a temperature higher than the glass transition 
temperature thereof but lower than the crystallization temperature thereof (or 100°C when the molded article has 
no crystallization temperature) and then fixing said molded article to the thus deformed shape by cooling it as such 
to a temperature lower than the glass transition temperature, wherein said molded article can be recovered to the 
former porous molded article of the original shape by heating it again to said deformation temperature or above. 

5. A shape-memory biodegradable and absorbable material for vascular anastomosis which comprises a molded arti- 
cle of a lactic acid-based polymer in the shape of pipes, wherein said material can be recovered to the memorized 
shape of small diameter pipes without applying any external force thereto but by heating to a definite temperature 
or above. 



6. A shape-memory biodegradable and absorbable material for vascular anastomosis which comprises a biodegrad- 
able and absorbable material prepared by enlarging and deforming a molded article of a lactic acid-based polymer 
in the shape of small diameter pipes into another molded article in the shape of large diameter pipes at a temper- 
ature higher than the glass transition temperature thereof but lower than the crystallization temperature thereof (or 
1 00°C when the molded article has no crystallization temperature) and then fixing said molded article to the snape 
of large diameter pipes by cooling it as such to a temperature lower than the glass transition temperature, wherein 
said molded article can be recovered to the former molded article in the shape of small diameter pipes by heating 
it again to said deformation temperature or above. 
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A shape-memory biodegradable and absorbable material for vascular ligation which comprises a molded article of 
a lactic acid-based polymer in the shape of rings, wherein said material can be recovered to the memorized shape 
of small diameter rings without applying any external force thereto but by heating to a definite temperature or 
above. 

A shape-memory biodegradable and absorbable material for vascular ligation which corrprises a biodegradable 
and absorbable material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in 
the shape of small diameter rings into another molded article in the shape of large diameter rings at a temperature 
higher than the glass transition terrperature thereof but lower than the crystallization temperature thereof (or 100°C 
when the molded article has no crystallization temperature) and then fixing said molded article to the shape of large 
diameter nngs by cooling it as such to a temperature lower than the glass transition temperature followed by cutting 
into round slices, wherein said molded article can be recovered to the former molded article in the shape of small 
diameter rings cut into round slices by heating it again to said deformation temperature or above. 

A shape-memory biodegradable and absorbable material for vascular ligation which corrprises a biodegradable 
and absorbable material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in 
the shape of small, diameter rings into another molded article in the shape of large diameter rings at a temperature 
higher than the glass transition terrperature thereof but Iowa- than the crystallization temperature thereof (or 100°C 
when the molded article has no crystallization temperature) and then fixing said molded article to the shape of large 
diameter rings by cooling rt as such to a temperature lower than the glass transition temperature, wherein said 
molded article can be recovered to the former molded article in the shape of small diameter rings by heating it again 
to said deformation temperature or above. 

1 0. A shape-memory biodegradable and absorbable material for tendon ligation which comprises a biodegradable and 
absorbable material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in the 
shape of almost square small pipes having a flat opening area into another molded article in the shape of almost 
square large pipes having a large opening area at a temperature higher than the glass transition terrperature 
thereof but lower than the crystallization temperature thereof (or 100°C when the molded article has no crystalliza- 
tion temperature) and then fixing said molded article to the shape of almost square large pipes having a large open- 
ing area by cooling it as such to a temperature lower than the glass transition temperature, wherein said molded 
article can be recovered to the former molded article in the shape of almost square small pipes having a flat open- 
ing area by heating it again to said deformation temperature or above. 

. A shape-memory biodegradable and absorbable material for suture which comprises a molded article of a lactic 
acid-based polymer in the shape of opened-out rings, wherein said material can be recovered to the original shape 
without applying any external force thereto but by heating to a definite temperature or above. 

. A shape-memory biodegradable and absorbable material for suture which comprises a biodegradable and absorb- 
able material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in the shape of 
small diameter rings into another molded article in the shape of large diameter rings at a temperature higher than 
the glass transition terrperature thereof but lower than the crystallization temperature thereof (or 100°C when the 
molded article has no crystallization terrperature) and then fixing said molded article to the shape of large diameter 
rings by cooling it as such to a temperature lower than the glass transition terrperature followed by opening-out. 
wherein said molded article can be recovered to the former molded article in the shape of small diameter rings hav- 
ing been opened-out by heating it again to said deformation temperature or above. 

A shape-memory biodegradable and absorbable material for suture which comprises a biodegradable and absorb- 
able material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in the shape of 
small diameter nngs into another molded article in the shape of large diameter rings at a terrperature higher than 
the glass transition temperature thereof but lower than the crystallization temperature thereof (or 100°C when the 
molded artcle has no crystallization temperature), opening-out said molded article in the shape of large diameter 
rings, bending a part of the same so as to match with a suture needle, and then fixing said molded article to the 
shape by cooling it as such to a temperature lower than the glass transition terrperature. wherein said molded arti- 
cle can be recovered to the former molded article in the shape of small diameter rings having been opened-out by 
55 heating it again to said deformation temperature or above. 

14. A shape-memory biodegradable and absorbable material for suture which comprises a molded article of a lactic 
acid-based polymer in the shape of yarns wherein said material can be recovered into the shape of thick yarns wrth- 
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out applying any external force thereto but by heating to a definite temperature or above. 

1 5. A shape-memory biodegradable and absorbable material for suture which comprises a biodegradable and absorb- 
able material prepared by drawing and deforming a molded article of a lactic acid-based polymer in the shape of 
thick yarns into another molded article in the shape of yarns longer and thinner than said ones at a temperature 
higher than the glass transition temperature thereof but lower than the crystallization temperature thereof (or 1 00°C 
when the molded article has no crystallization temperature) and then fixing said molded article to the shape of thin 
yams by cooling it as such to a temperature lower than the glass transition temperature, wherein said molded arti- 
cle can be shortened and thus recovered to the former molded article in the shape of thick yarns by heating it again 
to said deformation temperature or above. * 

16. A shape-memory biodegradable and absorbable material for bone fixation which comprises a molded article of a 
lactic acid-based polymer in the shape of bars wherein said material can be recovered to the original shape in the 
shape of thick and round bar without applying any external force thereto but by heating to a definite temperature or 

is above. 

17. A shape-memory biodegradable and absorbable material for bone fixation which comprises a biodegradable and 
absorbable material prepared by deforming a molded article of a lactic acid-based polymer in the shape of thick 
bars into another molded article in the shape of bars longer and thinner than said ones at a temperature higher than 
the glass transition temperature thereof but lower than the crystallization temperature thereof (or 100°C when the 
molded article has no crystallization temperature) and then fixing said molded article to the shape of thin bars by 
cooling it as such to a temperature lower than the glass transition temperature, wherein said molded article can be 
recovered to the former molded article in the shape of thick bars by heating it again to said deformation temperature 
or above: 

1 8. The shape-memory biodegradable and absorbable material as claimed in Claim 1 7, wherein said deformed molded 
article in the shape of long and thin bars is fixed to the shape by cooling and then cut into definite pins. 

19. A shape-memory biodegradable and absorbable material for bone fixation which comprises a biodegradable and 
absorbable material prepared by deforming a molded article of a lactic acid-based polymer in the shape of a cylin- 
der provided with two or more inclined arms projecting from the peripheries of both ends thereof at a temperature 
higher than the glass transition temperature thereof but lower than the crystallization temperature thereof (or 1 00°C 
when the molded article has no crystallization temperature) so that each arm is bent inside at the base in parallel 
to the axis of the cylinder and then fixing said molded article to said shape by cooling it as such to a temperature 
lower than the glass transition temperature, wherein said molded article can be recovered to the original shape by 
heating it again to said deformation temperature or above. 

20. A shape-memory biodegradable and absorbable material for preventing bone cement in marrow cavity from leak- 
age which comprises a biodegradable and absorbable material prepared by deforming a molded article of a lactic 
acid-based polymer in the shape of a cylindrical plug having a hemispherical bottom and provided with two or more 
petal-like inclined projections extended from the periphery of the upper face thereof at a temperature higher than 
the glass transition temperature thereof but lower than the crystallization temperature thereof (or 100°C when the 
molded article has no crystallization temperature) so that each petal-like projection is bent inside at the base in par- 
allel to the axis of the cylinder and then fixing said molded article to said shape by cooling it as such to a tempera- 
ture lower than the glass transition temperature, wherein said molded article can be recovered to the original shape 
by heating it again to said deformation temperature or above. 

21. A shape-memory biodegradable and absorbable material for preventing vascular reconstruction which comprises a 
biodegradable and absorbable material prepared by deforming a molded article of a lactic acid-based polymer in 

so the shape of a perforated cylinder with a number of pores or a net or mesh cylinder into another molded article in 
the shape of a folded cylinder at a temperature higher than the glass transition temperature thereof but lower than 
the crystallization temperature thereof (or 100°C when the molded article has no crystallization temperature) and 
then fixing said molded article to said shape by cooling it as such to a temperature lower than the glass transition 
temperature, wherein said molded article can be recovered to the original shape by heating it again to said defor- 

55 mation temperature or above. 

22. A shape-memory biodegradable and absorbable material for artificial hip joint comprising a molded article of a lac- 
tic acid-based polymer in the hemisphere cup shape, wherein said material can be recovered to the memorized 
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shape of small hemisphere cup shape without applying any external force thereto but by heating to a definite tem- 
perature or above. 

23. A shape-memory biodegradable and absorbable material for artificial hip joint which comprises a biodegradable 
s and absorbable material prepared by enlarging and deforming a molded article of a lactic acid-based polymer in 

the shape of small hemisphere cup shape into another molded article in the shape of large hemisphere cup shape 
at a temperature higher than the glass transition temperature thereof but lower than the crystallization temperature 
thereof (or 100°C when the molded article has no crystallization temperature) and then fixing said molded article 
to the shape of large hemisphere cup shape by cooling it as such to a temperature lower than the glass transition 
io temperature, wherein said molded article can be recovered to the former molded article in the shape of small hem- 
isphere cup shape by heating it again to said deformation temperature or above. 

24. The shape-memory biodegradable and absorbable material as claimed in Claim 1, wherein said lactic acid-based 
polymer has a glass transition temperature which falls within a temperature range of from 45 to 100°C. 



15 



20 



25. The shape-memory biodegradable and absorbable material as claimed in claim 24. wherein said lactic acid-based 
polymer is poly- D,L- lactic acid. 

26- The shape-memory biodegradable and absorbable material as claimed in Claim 25, wherein said poly-D,L-lactic 
acid is one member selected from the group consisting of a copolymer obtained by ring-opening polymerization of 
a mixture of D-iactide with L-lactide, a copolymer obtained by ring-opening polymerization of DL(meso)-lactide, a 
copolymer obtained by polymerization of a mixture of L-lactic acid with D-tectic acid, and mixtures of these poly- 
mers. 

25 27. The shape-memory biodegradable and absorbable material as claimed in Claim 24. wherein said lactic acid-based 
polymer is at least one copolymer of a lactide selected from the group consisting of D-lactide. L-lactide and 
DL(meso)-lactide with a glycolide. caprolactone. dioxanone. ethylene oxide, propylene oxide or ethylene oxide^ro- 
pylene oxide, or a mixture of these copolymers. 

30 28. The shape-memory biodegradable and absorbable material as claimed in Claim 1, which further comprises a 
bioceramics powder. 

29. The shape-memory biodegradable and absorbable material as claimed in Claim 28, wherein said bioceramics pow- 
der is at least one member selected from the group consisting of surface bioactive sintered hydroxyapatite. bioglass 
for living body use. crystallized glass for living body use, bioabsorbable neither calcined nor sintered hydroxyapa- 
tite, dicalcium phosphate, tricalcium phosphate, tetracalcium phosphate, octacalcium phosphate, calcite and diop- 
site 
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30. The shape-memory biodegradable and absorbable material as claimed in Claim 1, which further comprises a drug. 
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